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about 90 c.c.) to give a clear solution. The addition of the usual 
amount of concentrated aqueous potassium hydroxide failed to 
produce any precipitation, and the solution was therefore kept for 
tin* days at 38-40° Extraction with ether then yielded a solid 
material which crystallised from dilute alcohol in needles meltin? at 
129—130° (Found, 0=68-77; H=5'80; N = 16-29. Ca“ cS 9 
H=5'7; N=16'l per cent.). ’ ’ 

The compound was proved to be identical with a-cyano-fi-phenyl- 
propionamicle, CH 2 Ph-CH(CN)-CO-NH 2 , by direct comparison with 
a specimen o this substance prepared by Hessler’s method (Amer. 
Chem J; 1899, 22 169) by the action of benzyl chloride on the 
dry sodium compound of ethyl cyanoacetate 
When the aqueous solution left after extraction with ether in the 
above experiment is acidified with hydrochloric acid a white pre 
dp, late is formed, which crystallises from alcohol or, better from 
dilute hydrochloric acid in needle clusters melting and decomposing 
at 245“ (Found, C=65- 6 ; H=3'28; N = 17- 93 Calc. TH 

H=2 'fi’l, 1 d =17 u P r CeUt ' > ' Ti ® compound is evidently 3 : 5-di- 
tyaEO-6-hydroxy-4-phenyl-A3. «-dihydro-2-pyridone, 


“<s? ( a7w c Hi>»' 


S' la ! 1 8 y 9q Pr 34 r ^-l b l “ {AU ' B ■ ^ Sei T °™o, 
898 1899 3 4 o6a) by the action of ammonia on a mixture of 

benzaldehyde and ethyl cyanoacetate. Guareschi describes his com- 
pound as crystallising with 3H 2 0, but a direct comparison of the 
two compounds left no doubt as to their identity. The substance is 
remarkable in that it is freely soluble in cold water and will crystal- 
lise from this solvent in the hydrated form described by Guareschi 
if the solution is sufficiently concentrated 

a ?u a " qUantity ° f ^rochlorio acid is added to the 
’ solution, the compound immediately separates in the anhy- 

2 L m T° n h m ^ -ounts of the two compoS 
tion th, 6 a ‘; 0Ve , 0OndeIISation ”» approximately in the propor- 

leasral ofTh r / eig , ’ nameIy ' 10 grams of tlle a “ ido to 

io o grams of the pyridine derivative. 

± C ™1r ({0n mth0Ut Akoho1 -^ quantities were 
th ;.P rwous experiment, only in this instance no alcohol 

the reaction hTl™ wa * necessar y in the initial stages of 

'he rS , ^ oondeI15atio u P^uct soon began to form, and 

Produ^ to to™ °° mP ^ tW ° h0Urs - The com pound 
eedfell crystallised from benzene in dusters of silky 

Z 8 me ‘ tmg at 123 ° (“, 0 = 69-55; H=473; N = 16'63 
v ol. cxvii. „ 

O I 
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Calc., C = 69'7 ; H=4'7; N = 16-3 per cent.), and was proved by 
direct comparison to be a-cyanocinnamamide, 
CHPh:C(CN)-CO-NH2, 

and to be the same substance as that prepared by Heuck (U tr 
1895, 28, 2252). 

(3) Condensation in the Presence of Alcohol with Seeding ^ 
yield of 80 per cent, of a-eyanocinnamamide in a pure, crystalline 
condition can be obtained in the course of two hours when a solu- 
tion containing 16 grams of cyanoacetamide, 21 grams of bemalde- 
hyde, 70 c.c. of alcohol, and 84 c.c. of water, which has been mixed 
with O' 3 c.c. of a 50 per cent, solution of potassium hydroxide in 
water, is seeded with a crystal of the unsaturated amide. 

The Imperial College op Science and Technology, 

South Kensington. [Received, October 26 th, 1920,] 


CLXIV . — The Constitution of Polysaccharides. Part I. 
The Relationship of Inulin to Fructose. 

By James Colquiioun Irvine and Ettie Stewart Steele. 

It has been shown by one of us in the course of previous publica- 
tions* that a general method for determining the structure ol 
both di- and poly-saccharides is opened out through the constitu- 
tional study of methylated sugars. 

Although the programme of research contemplated in this 
laboratory has been definitely staled oil more than one occasion, 
we are aware of the fact that other workers have entered this field. 
It is thus necessary again to point out that the systematic investi- 
gations on methylated sugars which have been carried out here 
for the past twenty years were conducted essentially with the 
object of rendering possible the extension of our work on obvious 
lines to the more attractive problems presented by the complex 
carbohydrates. The preparation of as large a variety as possible 
of alkylated aldoses and ketoses, and the elucidation of their struc- 
ture, provided, for purposes of identification, the substances which 
we anticipated woul.’.be encouuiered in solving the constitution 
of the compound sugars. 

The principle involved is a simple one, in that it is generally 
possible to substitute all the free hydroxyl groups in a carbo- 
hydrate or its derivatives by stable methoxyl groups, and sub- 

* References to the use of alkylated sugars are given in the bibliography 
attached to “The Simple Carbohydrates and the Glucosides’’ (E- r 
Armstrong, 3rd edition), and the principles involved are fully described 
in the Biochemischt Zeitschrift , 1909, 22, 357. 
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sequent hydrolysis yields a methylated sugar or sugars. Deter- 
mination of the number and' position of the alkyl groups in each 
of the hydrolytic products thus gives direct evidence as to the 
linkage of the constituents in the parent complex. The general 
method has already been applied in this laboratory to the con- 
stitution of natural and synthetic glucosides (Purdie and Irvine, 
rp ]903, 83, 1021; Irvine and Rose, T., 1906, 89, 814), to 
disaccharides (Purdie and Irvine, he. cit and T., 1905, 87, 1022; 
Irvine and Dick, T., 1919, 115, 593; Haworth and Law, T., 1916, 
109, 1314 ; Haworth and Leitcb, T., 1919, 115, 809), and also to 
atypical polysaccharide (Denham and Woodhouse, T., 1913, 103, 
1735; 1914, 105, 2357). 

Recent developments in the chemistry of the sugars have added 
greatly to the complexities involved, and, incidentally, have 
furnished ample justification of the policy which restrained us 
from the premature study of the polysaccharides. It is now 
recognised that a hexose can react, not only as a butylene-oxide, 
but also in the more reactive forms, provisionally termed 
'•,,-sugars” (Fischer, Ber., 1914, 47, 1980; Irvine, Fyfe, and 
Hogg, T., 1915, 107, 524; Irvine and Robertson, T., 1916, 109, 
1305; Cunningham, T., 1918, 113, 596). The chief weight of 
evidence is in favour of the idea that these isomeric forms of the 
hexoses possess an ethylene-oxide structure, but no rigid formula 
can yet be applied to all examples, and (he possibility that an 
aldo-hexose may react as a propylene- , amylene-, or hexylene-oxide 
must also be kept in view. Evidently the constituent sugars of a 
<li- or poly-saccharide may be present in any of the structural 
forms mentioned above, and thus the evidence afforded by the 
hydrolysis of the unsubstituted complex may be misleading. The 
case of sucrose may be quoted in illustration. The sugar, on 
hydrolysis, yields glucose and fructose of the ordinary type, but it 
has been shown from the study of octamethyl sucrose that the 
fructose constituent is present in the “ -/-form ” (Haworth and 
Law, loc. cit.). 

It follows that the complete constitution of a compound sugar, 
from the disaccharides up to the polysaccharides, must include the 
identification of (1) the constituent sugars, (2) their stereochemical 
form (a or 0), (3) the hydroxyl groups involved in the coupling 
of the constituents, and (4) the position of the internal oxygen 
T ing in each sugar. Determination of factors (3) and (4) demands 
he introduction of non-hydrolysable residues into the molecule, 
>ud it is in this connexion that alkylated sugars play their most 
useful part. 

Taking tho above considerations into account, we have resumed 

3 I 2 
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the study of the constitution of cellulose, and have also extended 
our work to starch and inulin, the results obtained in the last 
example being now submitted. 

The experimental methods employed follow closely the lines 
already laid down in the inethylation of cellulose. It will be 
recalled that, by subjecting cotton cellulose to the action of methyl 
sulphate and sodium hydroxide solution, Denham and Woodhouse 
(loc. cit.) obtained a substance possessing the composition of , 
trimethyl cellulose, from which they isolated a well-defined, crystal- 
line trimethyl glucose as one of the hydrolytic products. The 
research in question is important, as it showed that complete 
methylation can be effected by means of methyl sulphate in cases 
where the insolubility of the carbohydrate under examination 
prohibits the use of methyl iodide and silver oxide as the 
methylating reagents. 

Although inulin, as the most widely distributed reserve material 
derived solely from fructose, is a compound of considerable import- 
ance, nothing is known regarding its exact constitution beyond 
the fact that it is non-reducing and yields fructose on hydrolysis. 
Even the question of its empirical composition has been debated, 
as the results of elementary analysis do not agree exactly with 
the figures required for a compound, (C 6 H I0 O 6 ) I . A review of tie 
literature shows that these variations in composition are small, 
and are doubtless to be attributed to imperfect washing of lie 
samples and the method of drying adopted. It is now shown 
that inulin, purified and dehydrated as described in the experi- 
mental part, is essentially a polyanhydrofructose with the formula 
given above. This view does not ignore the presence of the small 
quantities of inorganic constituents usually associated with inulin, 
the removal of which is so difficult as to suggest that they form a 
minute, but definite, part of the molecular complex. 

As it is possible that, in the past, several closely related poly- 
saccharides have been included under the general name of imlia, 
it is necessary to specify the origin and treatment of the material 
used in the course of the present research. The inulin employed 
was prepared from dahlia tubers, the standards of purity adopted 
being that the compound should be white, should give less than 
02 per cent, of ash on ignition, be free from any action oil 
Fehling's solution, and display the constant specific rotation of 
-35-0° on successive “ crystallisation ” from water. 

So far as the methylation process is concerned, inulin possesses 
a marked advantage over cellulose or starch in that it is solu e 
in aqueous sodium hydroxide. When this solution was treats 
with methyl sulphate, methylation proceeded normally, but did no 
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extend beyond the stage at which dimethyl inulin was the essential 
product, A second treatment with the methylating mixture had 
ver y little effect on the methoxyl content of the syrup thus 
obtained, and, judging from the consistent physical constants dis- 
played by the product of different preparations, it was evident that 
dimethyl inulin, [C fi H s 0 3 (0Me) 2 ]j, is a definite compound. In 
order to substitute the remaining hydroxyl group, recourse was had 
to the silver oxide method of alkylation. Dimethyl inulin mixes 
freely with methyl or ethyl alcohols, giving a colloidal solution, 
which is not coagulated by the addition of methyl iodide. By 
warming such a solution with silver oxide, further methylation 
was effected, hut the process was tedious, owing to the colloidal 
nature of the material being manipulated. The final alkyl- 
ations were, as usual, conducted in methyl iodide solution, 
and in this way trimethyl inulin, was 

obtained, It was not found possible to increase the methoxyl 
content beyond this stage, a result which shows that 


the series of processes did not result in appreciable degradation, 
hydrolysis, or oxidation of the polysaccharide. Trimethyl inulin is 
a viscous, colourless syrup, soluble in organic solvents generally, and 
behaving like a glucoside towards Fehling’s solution. The com- 
pound could not be crystallised, and although in small quantities 
it may be distilled from a metal-bath at 196°/0’15 mm., the 
process is wasteful, and the further examination was conducted on 


nndistilled material. As in the case of dimethyl inulin, there can 
h e little doubt that the substance is a definite chemical individual 
the product of different preparations, in which the experimental 
procedure was varied, showing identical physical constants. It is 
important to note the marked alteration in optical activity which 
occurs during successive methylation. Whereas dimethyl inulin, 
like muhn itself, is lsevorotatory, the introduction of a third methyl 
group alters the sign, and trimethy] inulin is dextrorotatory 
l[°]ii +55- 6° in chloroform). 

On hydrolysis, by heating at 100° with 1 per cent, oxalic acid, 
tnmethyl mulin was converted into trimethyl fructose, the polari- 
metnc record of the change showing a smooth, unbroken curve. 
Vhen the methylated ketose was isolated and purified by vacuum 
distillation, it was at once evident that the product belonged to 
IT? 7 ;T les ' The was dextrorotatory ([«]» + 30'5° in water), 
reduced potassium permanganate instantaneously in the cold, and 
a so although more slowly, Fehling’s solution and an ammoniacal 
solution of silver nitrate. As this is the first occasion on which 
rirnethyl y-fructose has been obtained, it was necessary, for the 
poses of identification, to convert the compound into a 
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methylated sugar already knowu and characterised. This was 
effected by condensing the compound at 30° with methyl alcohol 
containing 0'25 per cent, of hydrogen chloride and methylating the 
trimethyl y-methylfructoside thus produced by means of the silver 
oxide reaction. It is to be noted that the above process gives a 
mixture, in unknown proportions, of the a- and /5-forms of tetra- 
methyl y-methylfructoside, so that direct comparison with other 
preparations of the same compound was at this stage impossible. 
By hydrolysis, however, telramethyl y-fructose was produced, and 
this proved to be identical with the form of tetramethyl fructose 
isolated from sucrose (Joe. «'(.). As the sugar is a liquid, and, so 
far as known, gives no crystalline derivatives, the identification 
rests primarily on the physical constants determined. These are 
quoted in the following table and compared with the values given 
by the two forms of telramethyl fructose already known 


Comparison of Tetramethyl Fructoses. 


A. B. C. 

From (S-raethyl- 

From inulin. From sucrose. fructoside. 

Liquid, h. p. 148'5°/10 mm. Liquid, b. p. 151713 mm. Solid, m. p. 98 — 99 s 
1'4554. n„ I '4545. — 

r a |i ! (permanent) -f 15'5°... +14 04° -20'2°inethyl alcohol 

+ 32'99 0 .. +31'7° - 20'9 6 in water. 

Reduces KMn0 4 . Reduces KMnO v Stable towards KMnO,. 


There can be no doubt- as to the identity of products .4 and B 
and their differentiation from C. In confirmation, samples of 
tetramethyl y-fructose from inulin and from sucrose were dissolved 
in methyl alcohol containing 0 25 per cent, of hydrogen chloride, 
and the changes in rotation observed at frequent intervals as the 
formation of the corresponding methylfructoside proceeded. The 
speed of reaction in these parallel experiments was identical at 
30°, and the end-points coincided, thus confirming the identity of 
the sugars used. 


Discussion of Results. 

The bearing of our combined results on the constitution of 
inulin may be seen from a survey of the reactions described in the 
present and related researches (p. 1479). 

In series A and <7, the y-fructose component remains throughout 
in the y-form, whilst in B and D the stable types alone are 
operative. 

It is evident from the above that (he structural relationship 
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A. 

IXUL1N - 

i 

Dimethyl 

inulin 

I 

Trimethyl 

inulin 

I 

Trimethyl 

y-fructose 

I 

Trimefchyl 

■y-metbylfructoside 

I 

Tetramethyl 

y-methylfructoside 

I , 

Tetramethyl 
y-fructose " <r 


B. 

Fructose 4— 

4 

Tetra-acetyl 

fructose 

i 

Tetra-acetyl 

methylfructoside 

4 

Methyl- 

fructoside 

4 

Tetramethyl 

methylfructoside 

Tetramethyl 

fructose 


0. D. 

SUCROSE — >■ Glucose 

4 4 " 

Heptamethyl Methylglucoside 
sucrose (a or /3) 

4 ' 4 

Octamethyl Tetramethyl 
sucrose methylglucoside 


4 

^ Tetramethyl 
glucose 


between sucrose and inulin is a close one, Both compounds are 
non-reducing, undergo hydrolysis with extreme ease, and, under 
ordinary conditions, yield the form of fructose melting at 
112-114° and displaying [a]{?-93° after mutarotation. We have 
carried out test hydrolysis of the inulin used in our experiments, 
and were able to isolate a yield of 66 per cent, of the theoretical 
amount of crystalline fructose showing the above constants. This 
result is, however, utterly misleading from the structural point 
of view, as the fructose component is present in the isomeric 
•/-form. Moreover, the yields obtained in the first, three stages of 
A, and the complete uniformity of the tetramethyl fructoses pro- 
duced in processes A and C, show that all the fructose residues in 
inulin belong to the y series. Again, the hydrolysis of trimethyl 
mulm gives an excellent, yield of trimethyl fructose, the weight of 
lower-boiling distillate then isolated being less than 4 per cent, of 
the material treated. This leads to the second conclusion, that 
tmtlm u an aggregate of y-fructose residues , each hetose molecule 
Using lost two hydroxyl groups in the formation of the poly- 
saccharide. If this were not the case, the hydrolysis of trimethyl 
inuhn would have given a mixture of sugars ranging from dimethyl 
to tetramethyl fructoses in place of a trimelhyl fructose alone. 

The above conception admits of two interpretations. According 
to one alternative, the polysaccharide may be regarded as a poly- 
merised anhydro y-fructose, in the formation of which the reducing 
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group of the fructose residue lakes part in the dehydration, and 
is thus eliminated. 


CA.O, -> C e H I0 O 5 -> (C 6 H 10 O 5 )» 

7-Fructose. Polymerised anhydro- 

7- fructose. 

The combined results of several researches, so far unpublished 
show that the most probable formula for anhydro-y -fructose is 
either 


CHyOH 

0<J \ 

'CH \ 

CH-OH )0 
CH-OH / 


I 


_/ 

(I.) 


/CH 2 

% 

, \ 

CH-OH \ 

CH-OH \q 

CH-OH / 


(JH,- 


_/ 


(II.) 


Both structures admit of polymerisation, on (lie lines suggested 
by Pictet and bis collaborators, to give a complex carbohydrate, 
and although the formulas need not be further discussed at this 
stage, it may be mentioned that. 1 is regarded as more probable 
than IX, 

The alternative view of the structure of inulin involves the idea 
that y-fructose molecules are condensed together in such manner 
that each ketose component loses two hydroxyl groups, one of 
which is the reducing group, in the condensation. 


i 

/C- 

i 


A 0 


\ 

CH a 

CH-OH 

CH-OH 

X CH 

<4 


CH, 


-0- 


CH-OH 

CH-OH 

CH, 


>0 

CH . 

CH-OH 

CH-OH 

CH, 


0 B. 


-0-r 


-OH 


/ 

ch 2 

CH-OH 

CH-OH 

CH 

-C->° 

I 


(The dotted lines indicate the cleavage of the molecule on hydrolysis.) 
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I “" d “ 1° “ tlsl J. a11 tbe editions, including the fact, now 
established that muhn con tarns three hydroxyl groups in each unit 

«f m carion atoms ’ tte of ketose residues necessary to 

form a symmetrical molecule must be a multiple of two The 
physical properties of mulin show that the compound f, not a 
disaccharide, and taking the next simplest case, our results would 
be explained by the formula shown on p. 1480, which permits of 
expansion to a hexa- or octa-saceharide by the addition of coupled 
ketose residues at the etheric linkages marked A and B 
The formula on p. 1480, equally with the first alternative dis- 
cussed, involves that m each C 6 unit of innlin the same hydroxyl 
groups are nnsubstatuted, and that two of these groups are different 
from the tkird.This is consistent with the methylation of the com- 
pound in definite steps. It also demands that only one form of 
trimethyl fructose should be produced from trimethyl inulin and 
this 13 again in agreement with the experimental evidence ’ The 
formula suggested is, of course, capable of considerable modifica- 
tion, as any part of the carbohydrate chain may be lengthened by 
coupling the reducing group of one ketose residue with one of the 
primary alcohol groups of the next. Part of the inulin molecule 
would, in such case, contain the system 

I- [CH-OH] 2 -CH./O-C--CH-[0H-0HVCH,-0- 

V i\/ 

6 lo 


OH-CW.-O 


OHj'OH 


ft is, of course, unlikely that innlin possesses a structure so 
simple as that of a tetrasaccharide, but the fact that trimethyl 
mulm is perceptibly volatile at 1960/0-15 mm. suggests that the 
molecular weight of the polysaccharide is much smaller than is 
generally imagined to be the case. The high molecular weights 

quoted in the literature are discordant, and can have little 
significance. 

At the present stage it is premature to give a decided opinion 
* ‘ he re ’ atl , Ve “ eritS ° f the two alternative formul* for inulin 
* P TOp0 , Sed ' and the researd ' I® being continued. It is also our 
mention to attempt the synthesis of sucrose from the form of 
niotose now shown to be present in inulin. 






Purification of Inulin. 

CoS 11 "'! 11 P reparedfroin dahli a tubers was boiled with char- 
U colourless > and separated from the filtrate by freezing. 

3 i* 
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Thereafter, the material was “ recrystallised ” several times until 
the action on Fehling’s solution had entirely disappeared, after 
which it was transferred to tall cylinders and shaken with cold 
distilled water. When the inulin settled, the wash-water was 
syphoned off and the treatment repeated, the pifccess being con- 
tinued for a week. This method of washing proved to he quite 
as effective as dialysis in yielding a product giving the minimum 
of ash on ignition. 

After filtration, the moist inulin was spread on plates to ensure 
that uniform hydration was obtained before commencing the dry- 
ing process. In this condition, the material contained 60 per cent, 
of water, and in quantities of 200 grams was shaken with 25 per 
cent, aqueous alcohol. After settling, the dilute alcohol was 
poured away, and 50 per cent, alcohol substituted. This, in turn, 
was successively replaced by 84, 95, and 98 per cent, alcohol 
Exactly similar treatment was then given with mixtures of absolute 
alcohol and ether until, finally, pure ether was used as the washing 
agent. After filtration, the inulin was kept in a high vacuum until 
constant in weight. This somewhat elaborate method of dehydra- 
tion appears to he necessary in order to obtain inulin as a fine, 
white mass of uniform microscopic appearance. The compound 
was dried at 50°/S0 mm. over phosphoric oxide, but it was found 
that, owing to surface attraction of moisture, it was extremely 
difficult to obtain constant, weighings. A dry sample gave, for 
c = 2-7624, [allf-34'21 0 in water. 

Hydrolysis of Inulin. 

This reaction was repeated, for reasons stated in the introduce 
tion. Using Wohl’s method (Ber., 1890, 23, 2107), in which 
inulin is heated with very dilute hydrochloric acid, the yield of 
solid fructose varied considerably, but the average result of i 
series of experiments was that 200 grams of dry inulin ga^e 
directly 45 grams of crystalline fructose, and a further 11 5 grains 
were obtained from the syrupy by-products. 

On the other hand, when the hydrolysis was effected by dilute 
oxalic acid, the pi. portion of crystalline fructose was greatly 
increased, the mean result, being a yield of 132 grams of 
crystallisable sugar from 200 grams of inulin. 


j Preparation of Dimethyl Inulin. 

As the inethylation of inulin presents some unusual features, 
an account is given of a typical experiment. Thirty-two grams o 
finely powdered pure inulin (2 mols.) were dissolved m 40 c.c- 0 
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45 per cent, sodium hydroxide by heating in water at 60—70°, 
and, after cooling, 80 c.c. of methyl sulphate (3 mols.) and 140 c.c. 
0 f 50 per cent, sodium hydroxide (total, 6 mols.) were run 
•simultaneously into the solution, which was maintained at 35°. 
This addition extended over three hours, the mixture meanwhile 
being vigorously stirred and the alkali kept in excess. There- 
after, the temperature was slowly raised to 75°, and finally to 
100°, f° r thirty minutes. Carbon dioxide was then passed 
through the liquid for a prolonged period in order to destroy the 
bulk of the sodium hydroxide, and, without removing the 
suspended solids, an approximately equal volume of 88 per cent. 
alcohol was added. After again passing carbon dioxide and allow- 
ing to stand, a further quantity of inorganic salts was deposited. 
These were separated by filtration, drained, and washed with 
rectified spirit Dilute sulphuric acid was then added to the 
filtrate until it was exactly neutral, when the aqueous alcohol was 
distilled off under diminished pressure. The bulk of ibe product 
was contained in the residue, but some remained behind with the 
inorganic salts, so that both portions were extracted several times 
with boiling absolute alcohol. This solvent, however, takes up 
sodium methyl sulphate, which is formed in considerable amount 
as a by-product of the reaction, and consequently an extraction 
with boiling chloroform was carried out, thus leaving the sodium 
salt undissolved. On concentration, an amber-coloured syrup was 
obtained, which was subjected to a second methylation. The same 
proportions of reagents were used, and the crude syrup was isolated 
n the manner just described. Thereafter, it was further purified 
y boiling repeatedly with ether to dissolve any methylated 
ructose which might have been formed, owing to hydrolysis. The 
nc'iissolved syrup was then boiled in chloroform solution for three 
ours with decolorising charcoal. The clarified solution, when 
ried over magnesium sulphate, gave, on removal of the solvent, a 
lear, amber syrup, amounting to 78 per cent, of the weight of 
oulin taken. This, on further drying in a vacuum-oven at 100°, 
mine so brittle that it could be powdered (Found: C— 50 ‘65; 
I=7‘51; OMe = 35-8; ash = l'76. [C 6 H K 0 3 (0Me) 2 ] z requires 

1=50 53; H = 7‘37; OMe^32 - 7 per cent.). 

Dimethyl inulin, although sparingly soluble in cold water, gives 
faintly opalescent solution in hot water. The aqueous solution 
lehaved as a glucoside towards Fehling's solution and reduced 
•queous potassium permanganate rapidly, but not so quickly as a 
rue y-sugar. 

For e = 1 845, [o]{> -42T° in chloroform. 


3 I* 2 
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Preparation of Trimethyl lnulin. 

Xu the further inethylation of dimethyl inulin, it was f QUllc } 
necessary to adjust the procedure according to snjgdl variations in 
the composition of the material used. When the methoxyl co D . 
tent corresponded exactly with that required for a dimethyl 
inulin, the compound gave a clear solution in methyl iodide. The 
presence, however, of even small quantities of lower methylated 
compounds affected this solubility to such an extent that the 
addition of methyl alcohol was necessary. In this event, the alkyl- 
ation was conducted in methyl-alcoholic solution by the addition 
of methyl iodide, and subsequently silver oxide, the process being 
repeated until the product was freely soluble in methyl iodide 
alone. The final alkylation was then carried out in the absence 
of any extraneous solvent. 

On the other hand, when a methylated inulin contained more 
than 32 per cent, of methoxyl, the compound was soluble in methv] 
iodide, and one methylation was then sufficient to give a trimethyl 
inulin. Twenty-five grams (1 mol.) of dimethyl inulin were dis 
solved in 100 grams of methyl iodide at the boiling point. 'When 
a clear solution was obtained, G3 grams (2 mols.) of silver oxide 
were gradually added, and the alkylation continued by boiling 
under reflux for eight hours. The product was isolated by extract 
ing with hot alcohol, the solvent removed, and the residue extracted 
with a large excess of boiling ether. The ethereal solution was 
heated with charcoal to remove traces of dissolved silver, dried 
over anhydrous sodium carbonate, and the solvent removed, 
leaving a clear, viscous syrup. Even after two further methyl- 
ations in methyl iodide solution, the methoxyl content did not 
ncrease above the value quoted below, so that the formation of 
trimethyl inulin represents the limit, of the reaction. The com- 
plete drying of the product presented difficulties. When heated 
at 80°/ 8 mm., the syrup darkened and developed acidity, which 
resulted in hydrolysis. It was thus necessary to dehydrate the 
material slowly at 65°/ 150 mm. (Found: 0— 5305; H = 7 64; 
OMe=43*83. [C- Z 7 0,(0Me) 3 ] r requires C = 52-9I; H»7*8; 

OMe— 45 ’5 per cent.). 

Trimethyl inulin is a colourless syrup resembling in appearance 
anhydrous glycerol at 10°. The compound mixes freely with 
alcohol, chloroform, or acetone, but is sparingly soluble in ether 
or in water. A significant fact is that solution of methylated 
inulin in organic solvents removed all associated mineral matter, sc 
that the compound then left no ash on ignition. Trimethyl iniiln 
has no effect on boiling Fehling’s solution, but, like the parent 
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polysaccharide, is very readily hydrolysed by heating with dilute 
acids, and it is likewise unaffected by potassium permanganate 
solution. No crystallising medium could be found for the com- 
pound, and it is doubtful if it forms true solutions in auy solvent. 

For c = l'9S0, [o]{J +55'6° in chloroform; c = l'3707 

[h]d + 50'34° in ethyl alcohol. 

Experiments on a small scale showed that trimethyl inulin can 
be distilled under low pressures, but the process is wasteful, owing 
to the ready tendency of the compound to generate traces of 
organic acids. This occasions some hydrolysis, and trimethyl 
y.fructose thus contaminates the distillate. The first material to 
distil boiled at 126 — 132°/0-15 mm., was acid to litmus, and 
reduced Fehling’s solution in the cold. These properties, together 
with the mobility of the syrup and its action on potassium per- 
manganate solution, which it reduced instantaneously, showed that 
the product was trimethyl y-fructose (Found: OMe=42'92. 
Calc.: OMe=41'88 per cent.). 

For c = 2'58, [a]jj + 31’01° in ethyl alcohol. 

The fraction of higher boiling point (b. p. 196°/0-15 mm.) was 
a viscous syrup soluble in water and organic solvents generally. 
Although the material effected some reduction of Fehling’s solution 
on heating, the behaviour of the compound towards this reagent 
was essentially that of a glucoside (Found: C = 5109; H = 7-62; 
0Me=418. [C e n ; 0 2 (0Me) 3 ]j requires C = D2'94; H = 7'84; 

OMe=45'5 per cent.). 

The lack of exact agreement with the calculated figures is readily 
explained by the presence of a small quantity of dimethyl fructose, 
and the properties of the distillate show that this is the case. The 
compound was slowly hydrolysed at 15° by A/10-hydrochloric acid, 
the specific rotation falling during the reaction to +42’4°. 
Recalculation of the end-value for the weight of hexose formed 
gives [a]n + 37-8°, which is in fair agreement with the rotatory 
power of trimethyl y-fructose. 


Hydrolysis of Trimethyl Inulin . Trimethyl y-Fru close. 

A 10 per cent, solution of undistilled trimethyl inulin in 1 per 
cent, aqueous oxalic acid was heated at 100°, the progress of the 
hydrolysis being ascertained polarimetrically. The optical 
changes observed were regular, the specific rotation diminishing 
from +53-5° to 40'9° in eight hours. After neutralising the solu- 
tion with calcium carbonate, the filtrate was decolorised with 
C arcoal and evaporated to dryness under diminished pressure. 
Tm residue was extracted with ether, the solution dried over 
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anhydrous sodium carbonate, and the solvent removed. A colour, 
less syrup then remained, which was distilled under diminished 
pressure. 

A small first fraction was collected at 127 — 129°/0'25 mm., but 
the main fraction, which weighed 76 per cent, of the trimethyl 
inulin taken, boiled steadily at 146°/0'37 mm. This proved to be 
trimethyl fructose [Found: C— 48‘90; H — 7’94; OMe— 41-49. 
C G H 8 0 3 (0Me) 3 requires C = 48-75; H = 8'll; OMe=4T88 per 
cent.]. 

Trimethyl fructose is a viscid syrup resembling glycerol in 
appearance, and has n D 1 4689. The aqueous solution reduces 
neutral potassium permanganate solution instantaneously, and also 
Fohling’s solution in the cold, giving bright red cuprous oxide. 
Although the sugar likewise reduces ammoniacal silver nitrate at 
the ordinary temperature, it does not affect mercuric chloride, and 
fails to give Schiff’s reaction. On treatment with phenylhydrazine 
and acetic acid, it yielded a reddish-brown syrup, which could not 
be crystallised, and it is impossible to say if the product is a 
hydrazone or an osazone. 

Trimethyl y-fructose is dextrorotatory in all the solvents 
examined : 

For c = 1016, [a]“ + 30‘51° in water. 

e = 1 029, [o]U + 28T8° in ethyl alcohol. 

0 = 1-052, [o]o + 26-61° in chloroform. 

0 = 1-084, [a]!, 5 + 27-77° — +• +22T4 0 in acetone. 

The above optical values were permanent, except in acetone solu- 
tion, and in this case it would appear that the sugar reacted slowly 
with the solvent. 

This was supported by the observation that, when the compound 
was dissolved in acetone containing 0-05 per cent, of hydrogen 
chloride, the rotation at first diminished and then increased rapidly 
until the final value, [a]^ + 60'0°, was recorded. This capacity 
to react with acetone is of importance in giving a clue to the 
constitution of trimethyl -/-fructose. 


Conversion of Trimethyl y - Fructose into Tetramethyl 
y-Methylfruriosid t . 

The formation of the corresponding methylfructoside from tri- 
methyl fructose takes place at the ordinary temperature, A 2 per 
cent, solution of the sugar in methyl alcohol containing 0*25 per 
cent, of hydrogen chloride was kept for forty hours at 17°. In 
this time, the reducing action on Fehling's solution disappeared. 
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whilst the specific rotation at first diminished .and then increased 
to a constant. The following selected observations show that the 
speed of condensation is of the same order as that exhibited by 
-.-fructose derivatives generally. 


Time from contact of 
solvent and solute. 

1 minute 
6 minutes 
60 
120 

24 hours 
60 „ 


Specific rotation. 

+ 18-7° 

18-2 

24’0 

26‘1 

503 

57 - 0 (constant) 


At- 30°, the reaction is much accelerated, and is complete in nine 
hours. The acid was neutralised by means of silver carbonate, the 
filtrate evaporated to dryness under diminished pressure, and the 
residual syrup dissolved in alcohol. After treatment with char- 
coal to eliminate traces of silver compounds, the solvent was again 
evaporated, the product extracted with ether, and the extract 
dried with magnesium sulphate. On removal of the solvent, 
trimethyl methylfructoside remained as a clear syrup, which, with- 
out further purification, was dissolved in methyl iodide (4 mols.) 
and methylated by the addition of silver oxide (2 mols.). The 
alkylation was continued for eight hours, and the product was 
extracted and isolated in the usual manner. On distillation, tetra- 
niethyl v methylfructoside was obtained as a colourless syrup 
(b. p. 134 135°/ 12 mm., n t , 14469). After a second methylation 
under the same conditions, the boiling point was 137 — 138 5 0 / 
12 mm., and refractive index 1 4472. The yield was 80 per cent, 
of the theoretical amount, and evidence was obtained that the 
undistillable by-product consisted of a polymerised trimethyl 
fructose or of a methylated difructose. 

The tetraniethyl ^-methylfructoside isolated as described was a 
neutral, colourless syrup which reduced potassium permanganate 
vigorously. Although the material behaved essentially as a 
glucoside towards Fehling's solution, some reducing compound 
(probably tetraniethyl fructose) was present, and, as repeated dis- 
tillation failed to remove this impurity, the analytical figures were 
affected [Found (after two fractionations): C = 52'31; H = 8-66; 
OMe=60'6; « D 14470 ; (after three fractionations): C = 52'33; 
H=8'47; n n 1-4471. C c H ; 0(OMe) 5 requires C=52-80; H = 8’80; 
0Me=62'0 per cent.]. 

Considering the method of preparation, two stereoisomerides 
would be present in unknown proportion, and thus the specific 
rotation cannot b4 compared with previous determinations. 

For c = 1 192, [o] + 20'98° in ethyl alcohol. 
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In preparing tetramethyl y-methylfructoside by the above 
method, about 20 per cent, of the crude syrup could not be dis- 
tilled, although the reactions were conducted on trimethyl 
y-fructose which had been subjected to repeated distillation. This 
residue, consisting of a viscous, clear syrup, was further examined. 
The material was glucosidic, and gave on hydrolysis trimethyl 
y-fructose, which was in turn converted into tetramethyl y-methyl- 
fructoside. It would appear that, during the condensation with 
methyl alcohol, some of the trimethyl y-fructose had undergone an 
extraneous change, which is probably auto-condensation or 
polymerisation. 

Tetramethyl y -Fructose. 

The hydrolysis of tetramethyl y-methylfructoside was carried 
out in 0-25 per cent, aqueous hydrochloric acid, the concentration 
of the fruct'oside being adjusted to 1-0684, so as to render possible 
comparison with the results obtained in parallel work on the same 
compound prepared from sucrose. 

At the temperature of the room, the reaction was slow and 
occasioned a fall in rotation. On continuing the hydrolysis at 
100°, the activity measured at 15° increased from +24-3° to 
+ 30'7° in thirty minutes, but the end-point was difficult to detect, 
on account of the extreme sensitiveness of the rotation with small 
fluctuations in temperature. In a control experiment conducted 
on the same compound derived from sucrose, the permanent value 
[a]j> +29'6° was recorded, so that the agreement is close. 

The usual procedure was followed in isolating the sugar, which 
boiled at 148'5°/ 10 mm. (Found : C = 50'88; H = 8'57 ; OMe=53'2; 
n D 1-4554. Calc.: C = 50 85 ; H=8’47; OMe=52'5 per cent.; 
»n l-^). 

In every respect, the sugar showed identical properties and 
physical constants with the tetramethyl y-fructose obtained from 
sucrose. After distillation, the compound displayed slight down- 
ward mutarotation, the permanent values in water and alcohol, 
respectively, being [a]u+32-9° and 15-5°. 


Speed of Condensation of Tetramethyl y-Fructose with Methyl 
Alcohol. 

The condensation with methyl alcohol was carried out in conjunc- 
tion with a duplicate experiment in which tetramethyl y-fructose 
from sucrose was used. A 1 per cent, solutiotf of the sugar was 
dissolved in methyl alcohol containing 0*25 per cent, of hydrogen 
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chloride and preserved at 15°, polarimetric readings being taken 
at regular intervals. Typical observations are given. 


Time from contact of 
solvent and solute. 

I minute 
4 minutes 
14 „ 

80 „ 

1024 


Specific rotation. 
+ 20'3°1 
21-9 Ml 
19-1 < 

26*3 R is e 
27-9 


Thereafter, tile solution was heated at 30—^10° to complete the 
reaction, the end-point being [a]„ + 59'9°, 

With tetramethyl y-fructose from sucrose, the minimum rotation 
recorded is +19-8°, as compared with +19-1° above, whilst the 
end-point is [a]g + 57-6°, compared with + 599°. Moreover, on 
plotting the specific rotations graphically, the curves representing 
the two parallel reactions were identical within the limits of 
experimental error. 


The above investigation was carried out in connexion with the 
Carnegie Trust Research Scheme, and we desire to express our 
thanks to the Trust. We are also much indebted to Professor 
W. N. Haworth and Mr. J. G. Mitchell for access to results 
recently obtained by them in the study of the tetramethyl 
y-fructose present in sucrose. 

Chemical Research Laboratory, 

Uxited College op St. Salvator and St. Leonard, 

University of St. Andrews. 

[Received, October 18/A, 1920.] 


CLXV . — The Constitution of Polysaccharides. Part II. 
The Conversion of Cellulose into Glucose. 

By James Colquhoun Irvine and Charles William Soutab. 

Is the series of investigations on the constitution of polysaccharides 
with which we are engaged in this laboratory, a prominent place is 
naturally assigned to the more definite varieties of cellulose. The 
original literature on the reactions and constitution of cellulose is 
joluminous, but it cannot be claimed that views regarding even the 
uudamental nature of the oomptex are by any means established. 

This obscurity is not surprising considering the special difficulties 
Which surround constitutional studies of this type. Even if cellu- 
069 0411 b ® regarded as a chemical individual in the ordinary sense, 
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the customary methods of solving problems of structure are of Ht t ] e 
avail in view of the insolubility of the compound, the dubiety 
attending its molecular magnitude, its behaviour as a colloid, and 
the probability that a fibrous structure is not chemically homo- 
geneous. As a result, many of the statements which find a pl ace 
in the permanent literature are based on very insecure evidence 
and are even contradictory. In reviewing briefly the present post 
tion of the subject,, reference may at this stage he limited to recent 
papers which have a bearing on fundamental questions. 

A normal cotton cellulose is represented by the formula 
(C fi H 10 O 5 )„, and ideas as to the molecular structure have been 
formed largely on thei evidence afforded by hydrolysis. It is impo r . 
tant to note that in this particular case hydrolysis is not readily 
effected, and involves the use of somewhat drastic reagents, so that 
taking into account the unstable nature of the hydrolysis products, 
secondary reactions are inevitable. The fact that numerous and 
complex degradation compounds are formed has thus given rise to 
conflicting opinions on the chemical nature of cellulose, but it is 
unnecessary in the present paper to discuss these rival theories in 
detail. 

Apparently the view which finds most aoceptanee is that cellulose, 
like starch, is essentially a polygluoose anhydride, and it may lie 
well to state at once that this conception admits of a double inter- 
pretation. The complex may consist of the simple units C 6 H M 0, 
(derived from a. hexose by molecular loss of water) polymerised in 
unknown numbers. On the other hand, n molecules of a hexose 
may be directly connected together through the elimination of t 
molecules of water, or, where n is a large factor, of n - 1 molecules. 
In either case the first point which must be settled is to ascertain 
beyond doubt if glucose is actually the hexose formed by the hydro- 
lysis of cellulose, and, if so, to determine exactly the amount of 
sugar thus produced. 

The inquiry becomes much more definite if it can be shown that, 
within the limits of reasonable experimental error, cellulose can be 
converted into glucose in terms of the equation : 

( C f 3 ]0 O 5 ), + nH.,0 — 4- 7)C 6 H i2 0 6 . 

100 parts — ► Ill'll parts. 

From time to time confident statements appear in the literature 
that practically quantitative yields of glucose have been obtained 
from cellulose, but the grounds upon which such claims are made 
are by no means convincing to workers in the sugar group. Practi- 
cally speaking, the only experimental methods available for degrad- 
ing oellulose depend upon the use of mineral acids, either alone 



the constitution of polysaccharides, part n. 1491 

or in conjunction with acetic anhydride, and it is evident that any 
sugar thus liberated must undergo profound alteration when kept 
i„ contact with these reagents. This no doubt accounts for the fact 
that hitherto pure, crystalline glucose has never been obtained from 
this polysaccharide. Nevertheless, Flechsig ( Zeiisch . physiol. Chem., 
1883 , 7 , 523) claimed that a yield of 95 — 98 per cent, of the theo- 
retical amount of glucose was formed by the action of sulphuric acid 
on cellulose, but the statement is based solely on the reducing power 
of a complex mixture and has little significance. Schwalbo and 
Schultz (Ber., 1910, 43 , 913) supplemented Flechsig's experiments 
by isolating the products of hydrolysis and obtained a semi-crystal- 
line sugar amout^ing only to 20 per cent, of the theoretical yield. 
Working on sii&iar lines, Ost and Wilkening (Chem. Zeii., 1910, 
34, 461) made the important claim that the yield of glucose was 
almost quantitative, but it may be remarked that they examined 
the products of hydrolysis polarimetrically and reported specific 
rotations ranging from + 29'4° to + 44'8°, whereas the equilibrium 
value for glucose is +52'5°. As a further moans of estimating the 
amount of sugar formed, they adopted methods depending on the 
reduction of copper solutions, but, in this case also, irregularities 
were experienced, and the results indicated yields of glucose varying 
from 73 ' 4 to 113'5 per cent, of the weight of cellulose treated. 

The use of hydrochloric acid for degrading cellulose is even less 
satisfactory. As is well known, Willstatter and Zechmeister (Ber., 
1913, 46 , 2401) dissolved cotton-wool in 40—41 per cent, aqueous 
hydrochloric acid, and allowed the hydrolysis to proceed in the 
cold. The course of the reaction was followed polarimetrically, and, 
by data obtained from control experiments in which glucose was 
dissolved in the same acid medium, they calculated that the yield 
of the hexose formed from cellulose amounted to 96 '3 per cent, of 
the theoretical value. This conclusion was apparently confirmed by 
the results of titrations which indicated the formation of 94 per 
cent, of the theoretical weight of glucose. The results appear con- 
vincing until they are considered in conjunction with the known 
effects of hydrochloric add upon glucose. Willstatter and Zeeh- 
meister were of the opinion that, owing to the low concentration of 
sugar in the add solution, no isomaltose was formed, but it has 
been shown (Davis, Soe. Dyers and Col., 1914, 30 , 249) that the 
action of hydrochloric add in promoting the auto-conden 9 ation of 
glucose extends to solutions containing as little as 1 per cent, of the 
sugar. In. addition, few reagents effect more fundamental changes 
■u reducing hexoses than hydrochloric add in either dilute or con- 
centrated solution. Thus, traces of the acid convert the butylene- 
oxide forms of glucose into the ethylene-oxide isomerides. In higher 
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concentrations of acid complex changes are therefore to be expected 
so that when glucose is dissolved in 44-5-per eent. hydrochloric acid 
the specific rotation is + 164'6°, and thus exceeds the maximum 
value for a-glueose by approximately 50°. That Willstatter’s procesa 
has very little bearing on the primary constitution of cellulose is 
further shown (Cunningham, T., 1918, 113 , 173) by the fact that 
both cotton and esparto celluloses give practically identical rotation 
curves when hydrolysed with concentrated hydrochloric acid und er 
the conditions described by him. In fact, the evidence of specific 
rotation and reducing power, even when apparently consistent 
cannot be held to characterise an uncrystallisable syrup as a definite 
sugar. 

A considerable advance on the use of mineral acids is marked by 
the conversion of cellulose into glucose acetates as elaborated in the 
exhaustive researches of Ost and his pupils. Recognisable crystal- 
line products consisting of cellobiose octa-acetates and glucose penta- 
acetates are thus obtained, so that it is possible to ascribe trust, 
worthy values to the yields. Ry using acetic anhydride containin« 
approximately 10 per cent, of sulphuric acid as the hydrolytic 
reagent, Ost ( Chem . iieit., 1912, 36 , 1099) isolated a mixture of 
solid acetates amounting to 60' 6 per cent, of the theoretical quan- 
tity, the remaining products being uncrystallisable syrups. It is 
very doubtful if the latter can be included in calculating the total 
yield, or if polaximetric methods are admissible in estimating hexose 
acetates as many factors combine to render such a method uncer- 
tain (Hudson and Parker, J. Amer. Chem. Soc., 1915, 37 , 1589; 
Hudson, ibid., 1591 ; Hudson and Johnson, ibid., 1916, 38 , 1223). 

Up to the present time, in no research on the hydrolysis of cellu- 
lose, where a yield of glucose even approximating to the theoretical 
amount has been claimed, have the results been based on the quan- 
tity of the sugar, or of a characteristic derivative, actually isolated. 
In the work now described, we adhered to the principle that the 
yield of hexose should be ascertained from the weight of crystalline 
compounds, obtained in a condition of analytical purity, and in 
well-defined stereochemical forms. Adopting this standard, we 
have been able to show that, as a minimum, the yield of glucose 
obtained from cellulose is 85 per cent of the theoretical amount. 

The method used by us embodies the same principle as acetolysis 
in that it involved hydrolysis of cellulose and simultaneous con- 
densation of the sugar liberated, so as to give a stable derivative 
which thereafter remained unaffected. In this way the glucose was 
protected from the destructive effect- of the hydrolytic agents. The 
material employed was a normal cotton cellulose, for a supply of 
which we are indebted to Mr. Wm. Rintoul, of Nobel s Explosives 
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q 0> This was treated, as described in the experimental part, with 
a large excess of acetic anhydride containing acetio and sulphuric 
acids- When the fibrous structure had disappeared, the product was 
poured into water and the precipitated solid separated. The 
filtrate then contained the lower acetylated glucoses, together with 
aceto6idphates and other soluble degradation products, whilst the 
insoluble residue consisted of polysaccharide acetates. On heating 
the latter in an autoclave at 100° with methyl alcohol containing 
Q‘5 per cent, of dry hydrogen chloride, the first eiffect was to remove 
the acetyl groups, which were converted into methyl acetate (Perkin, 
X., 1905, 87, 107; Fenton and Berry, Proc. Camb. Phil. Soc., 
1920, 20, 1, 16). Thereafter, simultaneous hydrolysis and con- 
densation with the solvent ensued, the process then being parallel 
with the conversion of starch into methylglucoside (Fischer, Ber., 
1895, 28, 1151). The main product of the reaction consisted of 
crystalline methylglucoside, but about 25 per cent, of the material 
persisted and remained practically unaffected on repeating the 
treatment with the acid alcohol. This amorphous residue was 
therefore hydrolysed by means of dilute aqueous hydrochloric acid, 
and the product again brought into reaction with acid methyl 
alcohol. In this way the total yield of methylglucoside from the 
fraction insoluble in water was ascertained. 

Owing to the large volumes which had to be manipulated, the 
treatment of the products soluble in water was laborious. After 
removal of the free acids, the solvent was evaporated, and the sugar 
converted into methylglucoside in the usual way. In every case 
the methylglucoside was obtained as a colourless syrup which 
rapidly solidified to a hard mass of crystals. On hydrolysis with 
arid no difficulty was experienced in obtaining pure, crystalline 
glucose from the glucoside. 


Statement of Yields Obtained. 

Two methods of estimating the yields of methylglucoside were 
employed. The weights reported refer to pure, crystalline material 
dried in a vacuum oven until constant, and, as an additional check, 
the optical activity of each solution, which yielded methylglucoside 
was determined. During the glucoside formation, heating with 
acid methyl alcohol was continued until equilibrium had been 
established between the a- and j3-forms, and, under the conditions 
adopted, the proportion in which these modifications are present is 
respectively a = 77, 0 = 23 per cent. (Jungius, Proc. K. Akad. 
If etensch. Amsterdam, 1903, 6, 99). The constant specific rotation 
attained when solutions of methylglucoside in acid methyl alcohol 
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are heated is thus of the order of +114°, so that we were able t 
check our gravimetric results polarimetrically. As we rely exc j u 
sively on our gravimetric data, this precaution may seem unnece* 
sary, but its adoption secured that experimental conditions were 
used which precluded any possibility of the yields being affected K 
the formation of y -methylglucoside. The combined results of 
typical experiment are shown in the following chart, the weight of 
cellulose taken (70 grams) being corrected for the moisture and 
ash content. 



Cellulose 
65*0614 grams 


112*0141 grams 
solid acetylated x 
product. 


4 

29*0830 grams — 
resistant deacetylated 
product. 


X 

Methylglucoside. 
34-0513 grams 
25*9639 ,, 

J-2340 „ 

/ 

66 2492 grams = Total 


1 0 litres 
aqueous acid solution. 


Expressing the result in percentages : 

Cellulose — > Methylglucoside — > Glucose 

100 parts gave 101*8257 parts equivalent to 94*4775 parts. 

If the cellulose molecule is composed entirely of glucose residues, 
100 parts of the polysaccharide should give 11 I'll parts of glucose, 
so that the operation of the above scheme gives a yield of methyl 
glucoside (and therefore of glucose) of 85*03 per cent, of the theo- 
retical amount. Although the manipulations were conducted with 
a standard of accuracy comparable with that employed in gravi- 
metric analysis, it is obvious that the above result is a minimum 
value. The preparation of methylglucoside from glucose, although 
a smooth reaction, l» not quantitative owing to inevitable experi- 
mental loss in isolating and crystallising the product.-. We do not 
propose, however, to> introduce any correction in which allowauce 
is made for experiment al loss, and our future work will include an 
attempt to account for this divergence of 15 per cent, from the 
theoretical value. 
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Dkoumon of Results. 

Although the main object of the present research did not involve 
the detailed constitution of cellulose, some of the results obtained 
have a direct bearing on the problem, and may be discussed. As a 
rule it is uncommon experience in the sugar group to obtain 
crystalline derivatives in yields which exceed 80 per cent., and the 
figures now submitted thus afford strong evidence that cotton cellu- 
lose is composed essentially of glucose residues condensed together. 
It is to be noted, however, that the processes adopted by us would 
not serve to isolate any ketose constituent, should such be present. 
In view of the fact that cellulose yields bromomethylfurfuraldehyde 
(Fenton and Gostling, T., 1901, 79, 361), it is conceivable that the 
unexplained margin of 15 per cent, may be accounted for by the 
presence of a nucleus in the cellulose molecule which is resolved into 
a ketose on hydrolysis. It is possible, although somewhat improb- 
able, that the hexose units in cellulose are symmetrically disposed 
as in inulin (Irvine and Steele, this vol., p. 1474), and the alterna- 
tive has to be kept in view that two, three, or four hydroxyl groups 
of individual glucose molecules may be involved in the coupling. 
Should this be the case, the hydroxyl content of cellulose may still 
be regarded as three, but this would be an average value and would 
not imply that, as in inulin, three hydroxyl groups are present in 
e\ery C 6 unit. Evidence in support of this second view has been 
contributed by Denham and Woodhouse (T., 1917, 111, 244) from 
the study of trimethyl cellulose, and we hope, in consultation with 
these workers, to extend the investigation on methylated celluloses. 
Further evidence of the non-uniformity of the glucose linkages in 
cellulose is afforded by the remarkable variation in the ease with 
which the component parts of the molecule undergo acid hydro- 
lysis. Another significant factor is that the yield of cellobiose 
obtained from cellulose, although varying greatly with the condi- 
tions of hydrolysis, has never exceeded the maximum quoted by 
Klein {Ztitsch. angew. Ghent., 1912, 25 , 1409). His figures are: 

Cellulose — >• Cellobiose octa-acetate — > Glucose 

100 parts gave 60 parts equivalent to 31-9 parts. 

From these results it would appear that at least one-third of the 
cellulose molecule contains the linkage characteristic of cellobiose. 
Kow, cellobiose contains eight hydroxyl groups, one of which is a 
reducing group and therefore terminal. It follows that one of the 
remaining hydroxyl groups of the reducing component must be 
attached to the reducing group of the second glucose residue. The 
position of this linkage may be fixed from, among other factors, 
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the constitution assigned to trimethyl glucose, and formula I may 
thus be deduced for oellobiose : 


CH-OH 

/ 1 

/ tjH-OH „ 

r\/ | vl p 

U \ CH-OH /\ L 

\/jH / \ 

i / \ 

OH-0-CH-[CH-OH] 2 -CH-CH(OH)-CH 2 -OH 

CH.-OH 


OH 0 ti 
X CH-OH 
\ CH-OH 
^<JH 
CH— C— G 1 
CH.-OH 


(I.) (II.) 

The expanded structure II, in which G and G, represent glucose 
residues, can thus be deduced for a fragment of the cellulose com- 
plex. Of the two groups, G and G„ the latter is the more stable to 
hydrolysts, and the system indicated in formula II evidently repre- 
sents the most, resistant portion of the cellulose molecule. It j, 
significant that in our work we encountered the same progressive 
difficulty in eliminating the glucose residues from cellulose. The 
methylgluoosida obtained was isolated from three groups of 
acetolysis products : 

A. Soluble in water. 

B. Insoluble in water and hydrolysed by add methyl alcohol. 

C. Insoluble in water and resistant to acid methyl alcohol. 

Our results thus show that the cellulose molecule may be dis- 
sected into three portions, and the approximate ratio in which the 
groups A. B, and C are present is displayed below. 


Cellulose /‘\ 
100 parts ( , 


Methylgiucoside. Glucose. C ( H 10 O* 

gave 9-5817 equivalent to 8.9 equivalent to 8-0 
„ 52-3372 „ 48-0 „ 43-7 

„ 39-9068 „ 37-0 „ 33-3 


94-5 850 

It will be seen that the proportion of C agrees approximately 
with the figure indicated by the maximum yield of cellobiose octa- 
acetate obtained from cellulose, and it is our intention to continue 
the investigation by tracing the structural distinction between the 
units A, B, and C. In addition, we hope to ascertain whether the 
glucose belongs to the ethylene-oxide or butylene-oxide types, as 
the fundamental difference between cellulose and starch may depend 
on the nature of the oxidic linkage in the constituent hexose 
residues. 

Experimental. 

The material employed was a normal ootton cellulose supplied by 
the Research Departmeut of Nobel's Explosives Co., Ardeer. Sc 
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far as the ultimate yields of methylglucoside are concerned, similar 
results were obtained with filter paper which was more readily 
disintegrated by the reagents. In quoting yields, allowance has 
been made for the moisture oontent (67 per cent.) and the ash left 
on ignition (0'355 per cent). 

The following is an account of a typioal experiment Seventy 
grams of the cellulose, cut into small pieces 2 cm. by 1 cm., were 
placed in an enamelled iron beaker surrounded by a bath ’cooled 
with running water. A mixture of 350 cc. of acetic anhydride 
containing 6'25 per cent, of acetic acid and 20 c.c. of concentrated 
sulphuric arid was cooled to 15° and quickly added, the mass being 
rapidly agitated with a powerful stirrer. The best results were 
obtained when the maximum temperature did not exceed 75°, and 
in twenty minutes the fluid mixture was ponred into ice-cold water 
with continuous stirring during the dilution. After twenty-four 
hours the white precipitate which had settled became brittle, and 
was filtered and washed until free from acid. The total volume of 
filtrate and washings was 1(1 litres, and the insoluble acetates, after 
frying at 40- -50°/2!5 mm., weighed 112 grams. The material was 
separated into three portions according to the solubility in 95 per 
cent alcohol: (1) soluble in the cold, (2) soluble only at the boiling 
point, (3) insoluble. As each fraction was convertible into methyl- 
glueoside, this separation was not carried out in the large-scale 
experiments. 


Simultaneous Deaceti/lation, Hydrolysis, and Metlylathn of the 
, Insoluble Acetates. 

The mixed acetates were dissolved in methyl alcohol containing 
0'5 per cent, of hydrogen chloride so as to give a 5 per cent, solu- 
tion, and heated at 100° for seventy hours. On opening the auto- 
clave, the odour of methyl acetate was noted, and a white, amor- 
phous precipitate was found to have collected. This was filtered 
(Filtrate A), washed, and dried (Residue B). 
s Examination of Residue B . — The material, amounting to 
■’9 grams, was a white, amorphous powder, insoluble in water, 
chloroform, ether, alcohol, or dilute hydrochloric acid, but readily 
»luble in dilute sodium hydroxide solution. It melted and decom- 
posed at 237°, and reacted as a glucoside towards Folding's solu- 
tion, being hydrolysed on boiling with dilute arid. No chlorine was 
Pfsent, and a methoxyl determination gave a blank result (Found, 
•=14'0; H=6'24; OMe=0. C 6 H; 0 O 5 requires C = 44'4; H = 6'20; 
: ->(e=0 per cent,). 
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Conversion oj Residue B into Methylglucoside. 

On boiling under a condenser with 3‘ 75 per cent, aqueous hyd ri 
chloric acid, the white solid gradually dissolved with the except^ 
of a small residue which, in a separate experiment, was hydroly SR j 
by means of 8 per cent. add. When the activity of the solutioni 
was constant, indicating that hydrolysis was complete, the liquid, 
were united, neutralised with barium carbonate, and evaporated to 
dryness under diminished pressure. A pale brown syrup remained 
which was extracted five times with boiling methyl alcohol contain, 
ing 0'5 per cent, of hydrogen chloride, and the solution was heated 
at 100° until the optical activity remained constant ([ct] D -flQje 
calculated on the weight of glucoside isolated). The acid was ther 
neutralised by shaking the solution successively with lead 
silver carbonates, after which the filtrate was boiled for some hour; 
with charcoal. A colourless solution was thus obtained which, « 
concentration under diminished pressure, gave a clear syrup. This 
rapidly crystallised to a compact, hard mass on the addition of i 
nucleus of a-methylglucoside. The crystals were extracted five time 
with a large excess of boiling ethyl acetate and the pure glucosid; 
isolated in one crop from the united liquors. The product consisted 
of the equilibrium mixture of a- and /J-methylglucosides. Yield 
25'9 grams. (Found, C = 43'20 ; H = 7'41; OMe=15 31. Cale. 
0 = 43-30; H = 7-22 ; OMe=15-98 per cent.) 

The specific rotation in water (mean of two determinations) w 
+ 114-8°, in place of the calculated value +114-0°. The compoinn 
behaved sharply as a glucoside towards Fehling’s solution, am 
showed the usual range of melting point (125 — 154°) for the mis« 
glucoside®. 

Examination of filtrate A . — This solution contained the equili 
brium mixture of a- and d-methylglucosides in acid methyl alooho 
and showed [a]„ +113-8° (calculated on the weight of glucosid 
obtained). It was neutralised as described above with lead am 
silver carbonates, the further treatment involved in removing col 
loidal silver and in isolating the products being also identical, a 
before, no difficulty was experienced iu obtaining the methylgluci 
sides in the crystalline condition. The product was free froi 
halogen or sulphur, and had no action on Fehling’s solution unt 
hydrolysed (m. p. 123—162°) (Found, C = 43'30; H = 7'15;OMe= 
15-56. Calc., C=43'30; H=7'22; OMe=15'98 per cent.). 

The constant weight of pure glucoside was determined by beatin 
at. 50° under diminished pressure, a current of air dried over ph« 
phorio oxide being led through the apparaty. A trap contains 
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same dehydrating agent was placed between the receiver and the 
water-pump- Yield, 34 grams. ' 


Preparation of Methylglucoside from Acetolysis Products 
Soluble in Water . 

The aqueous acid filtrate obtained in removing the insoluble 
acetates was distinctly dextrorotatory and amounted with wash- 
ings to 10 litres. This was subjected to distillation in steam, the 
volume being kept constant, to remove the excess of acetic acid, 
and the sulphuric add present was then precipitated by shaking 
with barium carbonate. The filtered solution was evaporated to 
dryness under diminished pressure. A white, crystalline residue 
remained, together with a yellow syrup which was extracted five 
times with boiling methyl alcohol containing 0-5 per cent, of hydro- 
gen chloride, the extraction process extending over ten hours. The 
united extracts (Solution C) were separated from the semi- crystal- 
line, undissolved solid (Residue D). 

Examination of Residue D. — Although largely inorganic this 
residue contained some organic matter, derived either from soluble 
acetosulphates or from colloidal cellulose acetates. It was accord- 
ingly treated in exactly the same manner as Residue B and the 
hydrolysis product isolated as a syrup. This was extracted six 
times with boiling methyl alcohol containing 0 5 per cent, of hydro- 
gen chloride and the solutions were united with Solution C. " ’ 

Examination of Solution C.— This extract, together with that 
from Residue 0, was heated at 100° until the rotation became 
constant, after which the equilibrium mixture of the methylgluco- 
sides was isolated in the usual manner. Somewhat greater difficulty 
was experienced in obtaining the product in a pure condition, and 
although the material behaved sharply as a glucoside towards 
Fehling s solution, the melting point showed a wider range than 
usual (105 140°). The specific rotation was also slightly low 
([«)b + 111-5° in place of +114°). Yield, G'2 grams (Found, 
(1=43-17 ; H = 7-16; OMe=15'22. Calc., C = 4330; II = 7-22 ; 
01Ie= 15 98 per cent.). 


Isolation of Crystalline Glucose from Cellulose. 


The preparations of crystalline methylglucoside, obtained as 
described, were mixtures of the a- and /3-forms in equilibrium. 
This was confirmed by crystallising a sample slowly from methyl 
alcohol. The /3-fornj was then retained in solution, and the a-iso- 
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meride which separated, showed, after drying at 50°/25 
[a] D + 157'5° in water. This agrees exactly with the standard value 
( + 157'6°). Moreover, (he material melted at 165°, the melting 
point being unaffected by admixture with pure a-methylglucosid e . 

Further proof of the standard of purity attained was afforded by 
the hydrolysis of the mixed glucosides. A 5 per cent, solution i a 
4 per cent, hydrochloric acid was heated at 100°, polarimetric 
readings being taken every fifteen minutes. The permanent value 
observed, when calculated for the weight of glucose formed, vag 
+ 53'0° in place of +52’5°. After neutralisation with barium 
carbonate and evaporation to dryness under diminished pressure, a 
syrup mixed with barium chloride remained. This was extracted 
with boiling absolute alcohol, the solution decolorised, filtered, and 
slowly concentrated at a low temperature. On nueleation and 
stirring, crystalline glucose readily separated. After a second 
crystallisation from absolute alcohol, the yield of dry sugar 
amounted to 60 per cent, of that required by theory. The glucose 
melted at 145° and gave glucosephenylosazone (m. p. 204— 205° 
uncorr.) (Found, C=39'97; H = 6'54; OMe=0. Cale., C = 40 00; 
TI = 6 67 ; OMe=0 per cent.). 

When dissolved in water the initial specific rotation of + 100 8° 
was recorded, and this diminished to the constant value of +52'3' 5 , 
The above result proves conclusively that the methylghioosid# 
employed did not contain any isomeric methylhexoside, and that 
consequently no mannose or galactose residues are present iu 
cellulose. 

We desire to record our thanks to the Royal Commissioners for 
the 1851 Exhibition for a Research Scholarship held by one of m 
during the progress of the above research. 

Chemical Research Laboratory, 

United College of St. Salvator and St. Leonard, 

University of St. Andrews. 

[Received, November Hit, 1920.] 
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CLXVI . — Tke Influence of Lead on the Catalytic 
Activity of Platinum . 

By Edward Bradford Maxted. 

j n a recent investigation (T., 1919, 115, 1050; this vol., p. 1280) 
dealing with the inhibitive effect of hydrogen sulphide on the 
occlusive power of palladium for hydrogen, it has been found that 

linear relationship exists between the mass of poison absorbed 
by the palladium and the resulting depression in its occlusive 
power for hydrogen. In view of the intimate connexion which 
undoubtedly exists between the occlusive power of a preparation 
for hydrogen and its activity for catalytic hydrogenation, work has 
now been undertaken with the object of following quantitatively 
the influence of the addition of successive small increments of a 
catalyst poison on the subsequent activity of a catalyst for catalytic 
hydrogenation. 

In the measurements described in the present paper, lead has 
been chosen as a typical non-volatile catalyst poison, finely divided 
platinum being employed as a catalyst. From the results obtained, 
ihc catalytic activity of platinum would appear to be a linear 
function of the lead present, this relationship being analogous to 
that obtained for the influence of a poison on the occlusive power. 

Experimental. 

The method adopted consisted in measuring the velocity of 
absorption of hydrogen by a given weight of oleic acid, under 
standard conditions, in the presence of a fixed amount of finely 
divided platinum, to which was added a variable proportion of a 
lead salt. The shaker and measuring apparatus employed were 
similar to that previously used for measurements of the velocity 
of hydrogenation in the presence of varying amounts of carbon 
monoxide (Trans. Fanulay Soc., 1917, 13, 30). In order to avoid 
the presence of more than one liquid phase, both the oleic acid 
and the lead salt were dissolved in glacial acetic acid, the lead 
bfiing employed in the form of acetate. 

For the preparation of a platinum catalyst of approximately 
uniform activity, a weighed quantity of hydrated platinic oxide 
was suspended in stearic acid and reduced in this medium by means 
of pure hydrogen. The suspension was agitated during cooling in 
order to obtain a solid product containing an approximately 
uniform concentration of platinum. Each gram of this stock 
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catalyst was found, on analysis, to contain 0'0634 gr aCl . 
platinum, 01C53 gram of the catalyst, corresponding with ij'fli In- 
gram of platinum, being taken for each experiment. 

For the standard solution of lead acetate, 0-2 gram of pure ] 6a j 
prepared by the electrolysis of lead borofluoride (Zeitseh. amr ^ 
Ghent., 1910, 67, 339), was dissolved in nitric acid and converts 
into oxide by ignition. The lead oxide was subsequently dissolve,] 
in glacial acetic acid, in which, however, lead acetate is on j v 
sparingly soluble, and was mado up to 1 litre with the same solvent 
Careful analysis of the filtered liquid showed that each c.c. of tb 
solution contained O' GOO] 7 gram of lead. 

In order to ensure uniformity, the oleic acid and glacial acetic 
acid employed were each taken from a stock bottle containing 
sufficient for the whole of the measurements. For convenience in 
working, both acetic and oleic acid were measured by volume, tv- 
means of a graduated pipette, 3 c.c. of the latter being m eic j, 
case dissolved in sufficient, acetic acid to total, with the acetic acid 
subsequently added with the lead, 9 c.c. cf acetic acid in all. 

The hydrogenation reaction was carried out in a thermostat at 
50°, the desired quantity of standard lead acetate solution being 
previously added to the reaction mixture, which was allowed to 
remain in the thermostat for about half an hour before starting 
the shaker. 

Table I summarises the results of a series of experiments carried 
out under the above conditions. 


Table I. 


C.c. of Ratio gram - 
standard atoms Pb 
lead solution to gram - 
added. atoms Pt. 


Hydrogen absorption in c.c. after 


1 min. 

2 mins. 

4 mins. 6 

imins. 

N 

8 mins. 10 mins, 

00 

0-0 

10-0 

21-6 

40-8 

58-4 

74-1 

88-6 

00 

■ 00 

110 

20-8 

38-5 

54-2 

67-5 

82 8 

0-5 

00076 

9 4 

17 2 

30-8 

42-6 

52-0 

58 9 

1-5 

0023 

7-5 

14-0 

26-5 

35 4 

43 5 

490 

2-5 

0038 

7-0 

13-0 

230 

31-0 

37-6 

42-8 

30 

0-046 

6 6 

12-2 

21-6 

29-8 

36 5 

421 

4-0 

0061 

5-0 

9-9 

170 

22-3 

26-4 

29-4 

6-0 

0-076 

2-9 

5-4 

9-4 

12-6 

15-2 

16-9 

5-0 

0-076 

2 8 

4 9 

8-2 

10 9 

12-8 

14 3 

6-0 

0-016 

2-2 

4-2 

7-3 

9-5 

10-6 

114 

70 

0-107 

nil 

— 

— 

. — 

— 

nil 

7-5 

0-114 

nil 

— 

__ 

— 

— 

nil 

It would 

appear to 

be justifiable to take 

as a 

measure 

of (lie 


activity of a given catalyst the intensity of the effect produced by 
it, this effect being, in the present instance, the velocity of the 
absorption of hydrogen induced by a given weight of platinum 
under standard conditions. Since, however, this velocity changes 
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JS saturation proceeds, it becomes necessary to cboose an equivalent 
point on tt 9 absorption curve at which the velocity induced by 
|te various catalysts becomes comparable. Armstrong and 
Hilditch ( Proc . Roy. Soc. f 1919, [. 1 ]. 96, 137, 329) have shown 
that, with pure substances, the velocity of absorption, in place of 
following the unimolecular formula, as was formerly supposed, does 
jot change appreciably as hydrogenation proceeds until a certain 
point of inflexion is reached, when it rapidly decreases. These 
i others consider that the regular curves, usually obtained with 
naterials of ordinary purity, are due to the presence of impurities, 
possibly in the present case to " clogging ” poisons of an albuminoid 
nature. It is not proposed in the present paper to discuss further 
this most interesting point, and, for the sake of simplicity, the 
progress of the absorption with the time may be expressed in a 
form independent of any general theory, by an expression of the 
maven tional algebraic type, F=of + 6( 3 + c< 3 , in which a, b, and 
i are constants and V is the volume in c.c. of hydrogen absorbed 
after f minutes. From the absorption curve, expressed in this 
[orm, the initial velocity of absorption induced by the platinum 
may readily be obtained by differentiation. This initial induced 
velocity represents the rate at which hydrogen would continue to 
be absorbed in the presence of the given catalyst if no disturbing 
factors, due either to the presence of impurities or to the nature 
jfthe reaction, were present, and affords a simple means of express- 
ing numerically the activity of the catalyst promoting the 
reaction. 

In table II, the curves corresponding with the figures of table I 
have been expressed in the form indicated above, the absorption at 
one minute, four minutes, and ten minutes being taken as the 
basis of the expressions, which correspond well with the entire 
curve. 


Table II. 


f lead solution 

— 

added. 

o. 

0-0 

11-14 

00 

11-56 

05 

10-1 

1-5 

7-94 

2-5 

7-49 

3-0 

7-10 

4-0 

5-26 

5-0 

3-12 

50 

3 11 

60 

2 33 

70 

0-0 

7-6 

00 


Values of 


b. 

c. 

- 0-238 

0-0011 

-0-588 

0 0200 

-0-714 

0-0295 

-0-447 

0-0144 

-0-511 

0-0191 

-0-512 

0 0224 

-0-287 

00035 

-0-224 

0-0082 

-0-332 

00163 

-0131 

0-0012 
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On differentiating these equations in order to obtain the 
induced velocity, the interesting result is obtained that th e 
depression of the catalytic activity of the platinum, due to tb e 
presence of increasing proportions of lead, follows a linear l aw 
analogous to that observed for the inhibition of occlusion. This 
point is strikingly illustrated in graph (1) of the figure, in which 
catalytic activity, measured by the initial induced velocity 0 f 
reaction, has been plotted against the lead content of the system 
The constants h and c of table II, representing the decrease in 
the velocity of absorption with the time, do not change regularly 
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with increasing lead content, but vary somewhat widely from 
experiment to experiment round a mean value, the deviation from 
this mean being p:obably caused by the difficulty in producing 
exactly corresponding conditions of experiment, and being observed 
also during a number of measurements carried out with platinum 
alone in the absence of a poison. 

It would appear that the action of lead is to inhibit completely 
the catalytic activity of a certain proportion of the catalyst, each 
milligram of lead rendering inactive about 8‘8 milligrams of 
platinum, whilst the residual platinum remains capable of function- 
ing normally. This conclusion was further strengthened by 
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experiment 3 of table I, which, although included in the general 
results, was carried out under somewhat different conditions from 
jje other measurements. In this case, whilst the weight of oleic 
cid and acetic acid remained that usually taken, the platinum 
atalyst corresponded with 50 per cent, more platinum than that 
lorrnally employed, namely, to 0 0157 gram in place of 0-0105 
Tain- To this, 4 c.c. of the standard lead solution were added. 
'{ the conclusion just staled is correct, the result should be equi- 
•alent to a normal experiment with 0-0105 gram of platinum, in 
riiieh 0‘5 c-c. of lead solution has been added. That this is the 
$se is well shown by the manner in which the initial absorption 
-orresponds with the poisoning line at the point required by 0'5 c.c. 
i lead solution, and the measurement has therefore, for the sake 
^ brevity, been included in table I under this heading. 

The view that a certain proportion of the catalyst is poisoned 
by each milligram of lead added, the remaining catalyst function- 
ing normally, involves the tacit assumption that the initial velocity 
of absorption, induced by varying weights of catalyst under other- 
wise identical conditions, varies directly with the weight of 
platinum available for hydrogenation. That this is actually the 
case was shown by means of a series of experiments with platinum 
alone, in which the weight of this metal was reduced to three- 
quarters, one-half, and one-quarter of that taken for the experi- 
ments of table T. The results obtained are summarised in 
table III. 

Table III. 


Wfcof 

Pt in 


Hydrogen absorption in c.c. 

after 









milligrams. 

1 min. 

2 mins. 

4 mins. 

6 mins. 8 

mins. 

10 mins. 

10*5 

109 

21-6 

40-8 

58-4 

74 1 

88-6 

10-5 

110 

20-8 

38-5 

54-2 

69o 

82-8 

7-9 

7-4 

14 3 

20-6 

37-2 

4d-4 

53-6 

5-2 

5-5 

10-4 

17-3 

22-5 

26-6 

29 1 

2-6 

2-3 

4-2 

6-8 

90 

10-5 

J 1-3 


Table IV contains the coefficients a, b, and c of the absorption 
curves corresponding with the figures of table III, expressed in 
tie conventional algebraic form previously employed, and in 
graph (II) of the figure the initial velocity of absorption, obtained, 
as before, from these curves by differentiation, has been plotted 
against the weight of platinum taken, the linear relationship 
between these quantities being clearly marked. The conditions, 
other than the constancy of the weight, of platinum taken and the 
absence of lead, were similar to those employed above. 


3 K 


vol. oxvn. 
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Table TV. 


Wfc. of 
Pt in 

milligrams. 

10-5 

10-5 

7-9 

5-2 

2-6 


Value of 


u. 

1M4 
11-56 
7-66 
5-96 
2 66 


b. 

c. 

-0-238 

0-0011 

-0-588 

0-0260 

-0-270 

0-0040 

- 0-478 

00173 

-0-381 

0-0228 


Charles Street, 

Walsall, Staffs. 


[Received, October 26 th, 1920 ] 


CLXVII. The Investigation of Sodium Oleate Solutions 

in the Three Physical States of Curd, Gel , and 
Sol. 

By Mari Evelyn Laing and James William McBain. 

One of us (M.E.L.), in continuing previous work (T., 1919, 115, 
1280), has now found that aqueous sodium oleate at temperatures 
between 0° and 25° can be brought at will into any one of three 
typical states, namely, clear oily liquid sol, clear transparent 
elastic gel, or white opaque solid curd, all at one and the same 
concentration and temperature. 

Hitherto, the last two types have not been differentiated, 
although, as will be shown, they are wholly independent and 
exhibit very different properties. Probably nearly all of the 
observations on solidified soap systems recorded in the literature 
refer to what we have here defined as soap curd, and some con- 
fusion would have been avoided if the existence of these two 
separate types had been recognised (see, for example, the con- 
troversy between Zsigmondy, Bachmann, and von Wemarn wilt 
regard to whether ./ not soaps are “gels’). The real soap ges 
are unmistakable, since they resemble gels of gelatin. It has 
become evident that, under suitable conditions, all soaps may exist 
in these three forms, and each form is important both or 
theory and manufacture of soaps. , 

The chief experimental discovery described in this paper is a 
soap sol and soap gel are identical in all respects, with the excep 
tion of elasticity and rigidity, which are characteristic of the g 
form alone. The following properties are all identical in so a 
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?ei: (i) electrical conductivity;* (ii) lowering of vapour pressure, 
w hich measures the amount of substance in true solution- 
(>“) refractlve Uldex i and (iv) as Salmon has recently shown in 
this laboratory (this vol., p. 536), the concentration of the sodium 
ion. 

A soap curd on the contrary, is a sol or gel from which a part 
or nearly all of the soap has been abstracted through the formation 
0 f white curd fibres, as Darke, McBain, and Salmon have shown 
in another communication. The distinctive structural feature of 
soap curd is the separation of hydrated soap as a felt of long 
white fibres, these fibres being of barely microscopic diameter 
Zsigmondy maintained that the formation of the soap curds which 
lie studied was essentially a process of crystallisation ; the analogy 
is certainly close. 6 -’ 

It would seem an unavoidable conclusion from the observed 
identity of so many properties of ihe sol and gel of soap that the 
chemical equilibria are the same, and that therefore the colloidal 
particles present in the two are identical both in nature and 
amount. It is evident that this is of direct significance in the 
general theory of the structure of gels. 

It has long been known that salt solutions retain the greater 
part of their conductivity and dilTusibility when gelatinised by the 
addition of gelatin. This was, however, less surprising, since the 
conductivity could be largely ascribed to the electrolyte, and to 
this extent it was a matter of indifference what happened to tho 
gelatin on geiatimsation. To those who regarded the gelatin solu- 
tion as heterogeneous, whether in the form of sol or gel any 
alteration m the degree of dispersion, even amounting to removal 
he gelatin from solution, need not necessitate any great change 
in the conductivity of the dissolved salt. 

Xo such explanation is possible in the case of soap solutions 
» ere no extraneous chemical is present, and where the colloid 
mses from and is in true equilibrium with, the crystalloids con- 
>iuens. ny essential alteration in amount or degree of 
ispersion of the soap colloid would have been instantly reflected 
n changed conductivity, well illustrated in the behaviour of curds. 

A further point to be mentioned here is that the gel, in its 
Ittesis is much more closely related to the curd than to the sol 
tJl the less “Mentrated solutions, it was found almost impossible 

J A “L Paper W f submitte dfor publication, it has been pointed out 

Z i tu ng ag0 “ 1887 i0e f vera - St ^ lm .«« d., 6, 121) 

X n he ,°° ********* ***» ■ the same 

) far as “ u gCl C ° ndltl ° n - ™ 6 »» unknown to us and, 

« we know, this important observation has been overlooked. 

3 E 2 
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to prepare a gel except through formation of a curd, which w as 
then gently warmed until it became clear. On careful cooling, ^ 
could be retained in the form of gel. This is at complete variance 
with the emulsion conception of gelatinisation as involving merely 
a large increase in viscosity on lowering through a small zone of 
temperature. 

It would seem necessary throughout the discussion of colloids to 
distinguish clearly between gelatinisation and coagulation, that is, 
between the formation of a gel and a curd or coagulum, whether 
the latter is irreversible, as in the case of a boiled egg, or reversible, 
as in the case of a soap curd. 

The experimental data here presented include, first, systematic 
measurements of the conductivity of sol, gel, and curd of sodium 
oleate over the whole range of temperature, 0—28°, at which it is 
possible to obtain gel or curd. These are supplemented by 
measurements of refractive index and of vapour tension, and by 
direct analyses. Finally, some observations on the behaviour of 
curds of mixtures of soaps are recorded. 

EXP ER1MENTAL. 

The earlier experiments had to be carried out. with a Kohlrausch 
(Kohler) apparatus, whereas with the final work a set of Washburn 
(Leeds and Northrup) apparatus was available. 

Even when not using the pure sine wave current from the 
Siemens high-frequency machine or the Vreeland oscillator, but 
with an ordinary induction coil, the position of the minimum was 
defined with an eight-fold accuracy by the Washburn set as com 
pared with the Kohler apparatus. This is important, for it means 
that even small differences in conductivity between gel and sol, had 
they existed, would have been measurable on such a bridge, even 
if they would not have been detected on the ordinary metre wire. 

All resistances, bridge wires, thermometers, etc., were carefully 
calibrated. The thermoslat temperatures were constant within 
0'01°. The special conductivity cells of borosilicate glass have 
already been described (see McBain, Laing, and Titley, T., 1913) 
115 , 1279). The oil constants at 0° were 13-06 and 0T664, an 
at 20° 13-20 and 0TG90 (compare McBain and Coleman, 'Irani 
Faraday Soc., 1917, 15, 36, who obtained a similar variation with 
temperature when using Koblrausch’s standard values). 

Preparation of the Soaps. 

Apart from more than a year's delay in securing the necessary 
oleic acid, there was unexpected difficulty owing to the ac o 
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purity th® materials ultimately obtained. Pending the routine 
tests, soaps were prepared immediately on the arrival of various 
specimens which had proved satisfactory in pre-war work. 
Table I contains some of the iodine values and molecular weights 
as obtained by titration of specimens supposed to be pure. Speci- 
mens marked K were palmitic and oleic acid “ Kahlbaum.” 
The iodine value was determined by the Wijs method, for which 
pure palmitic and oleic acids should give the values 0 and 90 
respectively. 


Table I. 


Tests of Fatty Acids, 


Mol. wt. 


Specimen. 

Iodine 

value. 

Titration. 

Theory. 

Palmitic “K” pre-war 

1-0 

256- 1 

256-1 

Palmitic “ K ” post-war . . , 

3-0 

256 9 

256-1 

British post-war 

100 

262-8 

256-1 

Oleic pre-war bottled 

660 

299 5 

282-2 

Oleic “K” pre-war sealed... 

90-14 



282-2 

Oleic “K” post-war scaled 

90-14 

285-5 

282-2 

British post-war sealed 

SS 9 

286-5 

282-2 

The soap solutions were 

prepared from oleic acid 

and sodium 


drippings free from carbon dioxide in stoppered bottles of Jena 
glass in the manner previously described. The hydroxide was 
standardised against hydrochloric acid (method of Ilulett and 
Bonner, J. Amer. Chem. Soc., 1907, 31, 390), as well as against 
pure oxalic acid. Concentrations are invariably expressed in 
weight-normality, gram-molecules per 1000 grams of water. 

In all, four series of measurements were carried out with sodium 
oleate. In series .1, solutions of good sodium oleate were employed, 
although they had been kept since the previous communication 
{T., 1919, 115 , 12(9). Although the actual data are not here 
recorded, they in themselves sufficed to establish the main 
conclusions, now confirmed and extended. 

Series B was carried out using the oleic acid of the fourth hori- 
zontal row of table I. Evidently it had become partly oxidised 
by exposure to air, as shown by the iodine and titration values. 
Here again sol and gel are identical, and the values for curd are 
of interest as showing the high conductivity of a curd which was 
not more than a few hours old. 

Series C, made with the oleic acid of the sixth horizontal row 
in table I, contained 1’5 per cent, excess of alkali. All the data 
obtained in this, the principal, series have been corrected by the 
18 per cent, predicted from the measurements of McBain and 
Taylor ( Zeitsch . physical. Chem,, 1911, 76, 178), and it will be 
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noted that they agree within a fraction of 1 per’ cent, with tta 
three measurements already published. 

Series D was carried out with the same specimen of oleic add 
using neutral solutions prepared by taking the experimentally 
determined quantities of acid required, as recorded in table I. 

Density Measurements. 

The density was found for each concentration at these low 
temperatures with a 10 c.c. pyknometer. The densities found gi Ve 
straight-line graphs when plotted against concentration, the values 
except for 0'2N above 18°, being only slightly greater than unity. 


Table II. 

Densities of Sodium Oleate. Solutions. 

Concentration. 


Temperature. 

0-2 N, r . 

0-4 N v . 

(MAV 

0° 

10012 

1-0040 

1-0068 

10 

1-0005 

1 0029 

1 -0062 

18 

0-9997 

1 0020 

1-OOflo 


(Values above 18'' extrapolated.) 


Method of obtaining the Curd or Gel. 

There are definite temperature limits to the existence of each 
of the states gel and curd. Thus a O'-LY-gel could not be obtained 
at 0° or the 0-4iV-ciird above 23°; 0’6iV-gel and sol were not 
obtained below 6°, or the O^.V-curd above 25°. Both CMA’- and 
0’6-V-gel rapidly liquefied at 25°. 

The gel was obtained in almost every case by very slow warming 
of the curd, which gradually lost its opacity, first becoming cloudy 
and then turning to a clear gel of definite shape. In the case of 
0'2iV- and 0*4A r -soap, the gel was always surrounded by a film oi 
sol at least 2 mm. thick in the centre of the cell and for 4—6 ram. 
above each electrode. The gel column is firmly attached to each 
electrode, and the sol surrounds it. With rising temperature, the 
gel shrinks more Aid more, remaining attached to the electrodes 
at each end, until there is only a fine, diaphanous thread connect- 
ing the two small masses of gel. 

The 0‘ 6 A’ -solution was always obtained as either sol or gel, not 
having a boundary line, as in the other cases mentioned. With 
this concentration alone, a gel was obtained by cooling the sol. 
With slow cooling, the whole viscous sol set to a gel, which curded 
very gradually (that is, after two days). The curd formed in each 
iimb spread towards the centre in long, silky fibres, which gradually 
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became more and more opaque, until the whole mass was white 
curd with individual fibres no longer distinguishable. 

The 0*22^- and 0‘4*Y-sols, when cooled, developed large, white 
nuclei in isolated spots, and these nuclei grew towards each other 
by thickening filaments. Thus a clear gel was not obtained in 
these cases from the cooling side. Whenever the nuclei appeared, 
the conductivity always dropped appreciably, but when, as in the 
case of 0'6Y-gel, the fine fibres appeared, it was not until the 
whole was cloudy that the lowering of conductivity became appreci- 
able. When the nuclei formed, the soap was evidently being 
removed from the sol in considerable quantities, whereas for a few 


The Conductivity Bata. 

Table III. 


Molecular Conductivity of Sodium Oleate. 




(Series B, 

alkaline, 

see p. 1509.) 



Tempera- 


0-2N. 



0-4 N. 








ture. 

Sol. 

Gel. 

Currl. 

So!. 

Gel. 

Curd.* 

0-0° 

13-42 

13-38 

5-88 

1416 

— 

7-19 

5-5 

14-63 

14-82 

6-97 

16-77 

16 78 

8-97 

no 

17-54 

17-33 

9-55 

19-70 

20 04 

10-43 

15-0 

21-25 

21-25 

— 

24-48 

24-43 

21-32 

20-0 

— 

— 

— 

26-02 

2G-04 

— 

22-0 

— 


— 

27-00 

27 00 

— 

* Fresh curd not more than a few hours old in each 

case; 

often a day 


elapsed between measurement of gel and sol at any one temperature, but the • 


order in which these were measured did not affect the result. 


Table IY. 

Molecular Conductivity of Sodium Oleate Solutions. 
(Series C, corrected for alkalinity.) 


0-4 N*. 0-6IV,,. 


Tempera- 

ture. 

Sol. 

Gel. 

Curd.* 

Sol. 

Gel. 

Curd.* 

0-0° 

— 

— 

3-253 

— 

— 

2-647 

50 

13-94 

13 94 

4-248 

15-10 

— 

3-046 

100 

16-22 

16-22 

6015 

16-95 

16-94 

4-341 

15-0 

19-13 

19-13 

— 

20-37 

20-33 

6-393 

18-0 

20-95 

20-94 

— 

21-65 

21-65 

12 96 

22-0 

22-62 

22-62 

— 

22-64 

22-64 

— 

25-0 

25-87 

25-81 

— 

25-97 

25-97 

— 


* The curds were kept four days at 0 3 , and during two subsequent days 
were gradually warmed to the ordinary temperature. The temperature was 
kept constant at each intermediate temperature before the conductivity 
was noted. Sometimes a week elapsed between the measurements of gel 
and sol, without affecting the constant value obtained before and after such 
treatment. 
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Table V. 

Comparison of Specific Conductivities of Curds and Gels. 
(Series 0.) 


Curds. Gel (or sol.). 


Tempera- 

ture. 

O-IN. 


o-ltf. 

0-6 N. 

0° 

0-01168 

0-001304 

— 

— 

6 

0-001 19 

0- 00 1555 

0-004983 

0-007729 

10 

0-002150 

0002213 

0-005805 

0008632 

15 

0-003169 

0-003255 

0 006821 

0-01038 

18 

0-004529 

0-006594 

0-007494 

0-01101 

20 

0-005597 

— 

0-008065 

0-01161 

25 

— 

— 

0-009196 

0-01320 


Table VI. 

Specific and Molecular Conductivity of Curds of Sodium 
Oleate at 0°. 


(Series D, neutral.) 



0-2 N. 


0-4Y. 


0'6JV 


Days. 

k. 

M- 

k. 

b- 

k. 

ii. 

1 

0*0009661 

4*860 

0-001171 

3*268 

0-001162 

2-273 

2 

0-0008908 

4478 

0*001137 

3176 

0-001140 

2-229 

3 

0*0008672 

4-362 

0*001114 

3 111 

0001135 

2-219 

7 

0-0008339 

4195 

0-001072 

2-994 

0*001126 

2-203 

14 

0-0008106 

4-078 

0001014 

283 2 

0 001114 

2-178 

21 

00008066 

4-057 

0-0009858 

2754 

0 001112 

2-174 

28 

0-0008028 

4038 

00009734 

2*719 

— 

— 

40 

0 0008138 

(4-094) 

0-0009580 

2-676 

— 

— 

56 

— 

— 

0-0009417 

2 630 

— 

— 

65 



0*0009328 

Table VII. 

2*609 




Specific and Molecular Conductivity of Atjed Curds* of Sodium 
Oleate from 0° to 20° 

(Series D , neutral.) 

0-2 N. 0'4 N. OGA'. 


Tempera- 

ture. 

- '■ 

n. 

k. 

M- 

k. 

/*• 

0° 

0-0008028 

4-038 

0-009328 

2-609 

0-001112 

2-174 

6 

0 0009666 

4-867 

0-001160 

3-243 

0001277 

2-479 

10 

0-001190 

, 5-994 

000170 

4-752 

0-00179 

3-506 

16 

0-001930 

9-735 

0-00282 

7-893 

0003146 

6-167 

18 

0-002720 

13-71 

0-00414 

11-32 

0-004700 

9-217 

20 

0-003572 

18-01 

0005501 

15-40 

0006577 

12-90 


* The curds in the thermostat, after completion of table VI at 0°, were 
allowed to attain the ordinary temperature while these measurements were 
being taken ; this occupied four more days. 

Figures 1 and 2 present the conductivity data and show at a glance t e 
effect of time, of temperature, and of concentration, besides showing the 
relative magnitudes of -the specific conductivities of sols, .gels, and o 
.aged curds. 
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faint fibres on ty ver y sma ll amounts were being removed. In 
e?e ry case where the gel exhibited a conductivity slightly less than 
that of the sol, this could be directly traced to the presence of a 
few curd fibres. 

The sol was always obtained by warming the gel or curd to 20° 
or 30°. 

Analysts, Refractive Index, and Vapour Pressure of Hols and Gels. 

It was first established that the refractive index of 0'O.V-sodium 
oleate as gel is identical to eight significant figures with that of 
the same solution as sol. A Zeiss interferometer with 3-cm. cell 
was employed. Into one side was placed some of the sol, and, 
after it had been caused to gelatinise, more of the same sol was 
poured into the other side for direct comparison, without causing 
alteration of more than one division from the position of the zero 
reading, corresponding with a difference in concentration of 10- 6 iV T . 
This confirms the result of the conductivity measurements, and also 
of Salmon’s measurements of sodion concentration, using the sodium 
electrode ( loc . cit.). A similar result has been obtained for gel 
and sol of gelatin by Walpole, 

The identity in properties of sol and gel is shown also by the 
following measurements of vapour tension,* using the dew-point 
method of McBain and Salmon (Proc. Roy. Hoc., 1920, [A], 97 , 
- 14 ; J. Amer. Chtm. Soc., 1920, 42, 426), 


Dew-point Lowering of Sodium Oleate at 18°. 

Concentration. Gel. Sol, 

0 -6N 0 06° 0’06° 

0'4 N cl- 04 0-04 

Experiments were next carried out to lest whether appreciable 
segregation of soap occurs during gelatinisation. 

A 0'4A- our d was introduced into a clean, dry test-tube and very 
gently warmed. The curd very gradually became a column of gel 
with sol surrounding it. After some time, the contents were 
poured through silver gauze into a dry, weighed flask, the sol 
passing through, the gel remaining on the gauze. Some of this 
gel was removed into a second fared vessel, and both weighed speci- 
mens were carefully tested, both for sodium and for oleic acid (or 
oleate), by titration with about .V 4-sulut ions of aqueous and 

* Vapour pressure is used as a measure of the concentration of erystalloldal 
constituents present; the vapour pressure of gels and sols containing no 
crystalloidal material does not possess any such significance, since it is 
necessarily the same as that of the solvent itself. 

3 K* 
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alcoholic sodium hydroxide standardised against the oleic acid 
used (molecular weight 286*5, instead of 'the theoretical 282'2) 
Two such experiments are recorded below, the sodium and oleic 
acid content being expressed in c.c. of 02iV-acid. 


Weight 

taken. 

Type. 

Sodium. 

Oleic 

acid. 

Soap 

calculated 
per 100 grams. 

difference 
sol /gel 
per cent, 

6*2272 

gel 

10-55 

10-48 

33-8 

5*4344 

sol 

9-43 

942 

34-7 

0-9 

2*2807 

gel 

3-94 

3-93 

34-53 

0-08 

4*0814 

sol 

7-11 

700 

34-56 


It is evident from the above table that the sol and gel have 
nearly the same composition. Even after allowing considerable 
time for shrinking and possible syneresis, the result expected would 
be similar to the above, since the conductivity of an old gel is the 
same as that of freshly formed gel and as that of the sol into 
which it turns. 

A similar experiment was made with O'SA-sodium oleate, using 
the Zeiss interferometer with 5 cm. cell. The difference in con- 
centration between lumps of gel and the sol in which they were 
floating was not more than 0*003JV. Perhaps even this small 
difference may have been due to segregation caused by previous 
curding, which could not be equalised again without melting the 
gel for the purpose. From all the above, it is evident that, in 
complete contrast to formation of curd, formation of gel takes 
place without appreciable segregation of the soap. The refractive 
index of a soap solution is an accurate measure of the total 
concentration of soap, whether as sol or gel. 

Discussion. 

Theory of Gels. 

It would appear from the present work that a gel is identical 
with a sol except for its mechanical properties.* Osmotic activity, 
electromotive force, and conductivity alike prove that the chemical 
equilibria are identical in gel and sol. Furthermore, since the 
conductivity of concentrated gel and sol is thus identical, the 
hypothesis of a closed cellular, spongy, or honeycomb structure or 
other similar structure is disproved, and even a similar structure 
with partly open pores is rendered extremely unlikely [see (1) 
and (2) below]. 

* Previous communications have indicated that soaps aro to be classed 
with proteins, gelatin 6alts, dyes, etc., as colloidal electrolytes. The similarity 
in the behaviour of their sols is so definite that any general theory must be 
consistent with the facts of all these cases. Hence the significance of the 
identity of soap sol and gel must extend to these other systems. 
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A difficulty in reviewing the various opinions held with regard 
to the structure of gels is that a definition of the word phase is 
primarily involved. The old diversity still subsists as to whether 
typical colloidal sols and gels are to be called one-phase or two- 
phase systems. Thus, whereas most authors are agreed that sols 
arid gels are to be regarded as heterogeneous systems, a few, such 
as Proctor, Hayes, and Brailsford Robertson, prefer to call them 
one-phase systems, even where they postulate a molecular network 
throughout the gel. It was arguable to regard sols and gels of 
protein salts as one-phase systems containing only molecularly dis- 
persed matter until the facts with regard to soap sols and gels had 
been established. In the case of soap solutions, tile formula and 
molecular weight of the chemical substance concerned are known, 
slid it is impossible to ascribe the colloidal properties to the 
presence of unknown molecules of enormous molecular weight. So 
long as the soap is in molecular dispersion, it behaves as an 
ordinary crystalloid. 

Apart from the above conception of a molecular network, there 
are four suggestions which have been advanced to account for the 
properties of gels, namely : 

(1) Closed honeycomb solid-liquid ; Freundlich. 

(2) The porous, but continuous, solid cellular framework ; 
Hardy and Lloyd. 

(3) The emulsion, liquid-liquid; Wo. Ostwald. 

(4) The micellar theory of Nageli, Pauli, Zsigmondy, and the 
present authors. 

Various authors, whilst adhering to one or other of the above 
conceptions, have argued that the phenomenon of gelatinisation is 
a process of crystallisation. The evidence here presented is, how- 
ever, incompatible with this suggestion if crystallisation is taken 
to be removal of substance from the colloidal solution (see, for 
instance, Levites, 1908; Zsigmondy and Bachmann, 1912, etc.; 
Bradford, Biockem. 1918, 12, 351; 1920, 14. 91; Bogue, 1920; 
I.loyd, Biochtm. J ., 1920, 14, 147). Thus coagulation and form- 
ation of curd are differentiated from gelatinisation. The present 
data give but little information with regard to the question as to 
"nether the individual colloidal particles of soap gels and sols are 
to be regarded as “crystalline” or amorphous, but the fact remains 
tnat in the process of gelatinisation they are not sufficiently 
temoved from solution to disturb the equilibria into which they 
niter. Since they are identical in sol and gel, and since they 
exhibit properties of aggregation or orientation, it is more difficult 
■o conceive of them as liquids. These terms, however, lose much 
>f their meaning when applied to particles of ultramicroscopic and 

3 K* 2 
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amicroscopie dimensions such as exist in these typical “emulsoid 1 
systems. 

As a result of the optical observations of Butschli (1892—1900) 
and of Hardy (1899) and Quincke, an emulsion theory of g e l 5 , 
whether (1) or (2) or (3) above, was regarded as finally established 
(see, for instance, Freundlich, “ Kapillarchemie/' 1909, p. 475). 
Most authors considered that the emulsion had solidified to a 
cellular or honeycomb structure, a conception which is irrecon- 
cilable with the definite experimental evidence here presented. 
Wo. Ostwald (1905) regarded the emulsion as still consisting of 
two liquids, and several authors have suggested that, gelatinisation 
consisted of the inversion of these two liquids, the dispersed phase 
becoming, in its turn, the dispersion medium. This, again, jj 
clearly contradicted by the experimental data for soap gels, since 
gelatinisation leaves conductivity quite unaffected. Further, 
Hatschek [Trans. Faraday Soc., 1916, 12 , 17) showed that the 
viscosity of a gel does not exhibit the behaviour characteristic of 
an emulsion of two liquids. 

The very earliest explanation of gels was the micellar theory of 
Frankeuheim (1835) and Nageli (1858). They considered that gels 
owe their characteristic properties to a loose network or aggrega 
tion of ultramicroscopic or amicroscopie solid particles. Zsigmondy 
and Bachmann resuscitated this theory, producing strong expen 
mental evidence in its favour, as was pointed out by Pauli at the 
time. 

They showed that the heterogeneity of gels is of a different order 
of magnitude' from that assumed by Butschli, Hardy, etc., whose 
observations were made before the invention of the ultramicro- 
scope. The heterogeneity is amicroscopie instead of microscopic, 
involving distances of less than one hundredth of a micron. They 
emphasised the very important point that in all the positive ex- 
periments of Butschli and of Hardy some procedure was adopted, 
or chemical added, to produce the structure observed in the micro- 
scope, as had, indeed, been pointed out by Pauli in 1902. 

The micellar theory is in harmony with the phenomena of 
syneresis, double refraction, swelling, peptisation, the definite fora 
and elasticity of gels, coagulation,- dehydration and vapour 
pressure curves, pleocroism, optical and ultramicroscopic pheno- 
mena, the -behaviour of protected colloids, such as gold particles, 
which retain their identity even after repeated transformations, 
such as gelatinisation, in other words, all the characteristic proper- 
ties of gels. All that is necessary is to assume that the particles 
become stuck together or oriented into loose aggregates, which may 
be chance granules or. more probably, threads. This hypothesis is 
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supported by many other phenomena, such as those observed by 
Garrett (Phil. Mar/., 1903, [vi], 6 , 374), Shreve ( Science , 1918, 
48 , 324), Holmes, Kaufmann, and Nicholas (/. inter. Chem. Soc., 

1919 , 41 , 1329), Shoji ( Biochem . J., 1919, 13 , 227), Lloyd (ibid., 

1920, 14 , 147), Bogue (Chem. Met. Eng., 1920, 23 , 62), and 
yfschitz and Brandt. (Kolloid Zeitsch., 1918, 22 , 133). 

The conception of micellar orientation to which the present 
evidence so directly leads is supported by many other facts, such 
as the following. Thus, on heating a gel, molecular movement 
becomes so intensified that the forces holding the particles are 
overcome, and we have the familiar phenomenon of the “ melting ” 
of the gel. Again, nitro-cotton, which is completely gelatinised 
in a minute or so by a urethane, is converted into a sol in a period 
ranging from a week down to a few minutes, depending entirely 
on the degree of mechanical stirring employed, which is in accord- 
ance with our theory that a sol is formed by mechanically breaking 
the orienting bonds between the particles. The third significant 
fact for the special case of soap is that we have never observed 
Brownian movement under the ultramicroscope in a soap which 
we had reason to believe was in the form of gel. Baehmann 
(. Zeitich . anorg. Chem., 1912, 73, 125) has made similar observa- 
tions with gels of gelatin. 

This conception explains, moreover, the fact that the apparent 
viscosity of a sol frequently depends on its previous treatment and 
history. Many sols must be in process of forming such orienta- 
tions between their particles, and hence the viscosity must depend 
in how far this has gone. Thus, for instance, a sol of boiled starch, 
he delicate incipient structure of which had been destroyed by 
irevious shearing, exhibited thereafter much lower viscosity 
Hatschek, Kolloid Zeilrrh., 1913, 13 , 881). Again, it is quite 
dear why supersaturation and hysteresis with regard to gelatin- 
sation so frequently occur. 

Once more this conception links up with the observed facts of 
iquid crystals. It would seem that there must be some connexion 
letween the orienting forces observed in crystalline liquids and in 
;els. Indeed, one of the typical soaps, ammonium oleate, is a 
veil-known liquid crystal. Reference may also be made to Sand- 
ivist’s bromophenanthrenesulphonic acid, which is obviously also 
i colloidal electrolyte, the solutions of which, however, can be 
ibtained under certain conditions as crystalline liquids. 

Vorlander has observed that long molecules are required for 
orming liquid crystals, which agrees with Bose’s theory of swarms 
' long molecules. The same appears to be true of colloidal electro- 
des, such as sodium palmitate or hexadecylsulphonic acid. A 
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decoate in concentrated solutions is a colloidal electrolyte; on the 
other hand, sodium and naphthalene-a- and -0-sulphonates, and 
sodium naphthionate, with an equal number of carbon atoms, 
contain only a small amount of colloid, if any. 

The tendency of soaps to form long strings of molecules * or of 
colloidal particles is demonstrated by the^ong, ultramicroscopic 
fibres which are the characteristic feature of curds (and possibly 
gels) of sodium soaps (observations of Darke, McBain, and Salmon). 
An exceedingly fine, filamentous structure may account for the 
elasticity of gels t and also for the fact that they exhibit more or 
less clearly oriented properties, such, for instance, as the lenti- 
cular (that is, not isotropic) form of bubbles generated within gels, 
as described by Hatschek. Freundlieh has published an interest- 
ing study of vanadium penloxide sols which had been aged many 
years, and in which he found that, at the boundaries or through- 
out the sol, when the sol was set in movement, all the anisotropir 
and other characteristics of a crystalline liquid were exhibited, 

The theory of gels here deduced also leads to a prediction of 
the characteristic phenomenon of syneresis. Thus, if there is an 
orienting force between the particles, there must necessarily he in 
that force a component of attraction, and hence the gel structure 
of oriented particles must exhibit a distinct tendency to shrink 
Even if this attractive force is only feeble, it must in course of 
time produce syneresis, since in dilute gels it is opposed only by 
the viscosity of a fluid. The swelling of gelatin salts is not in 
conflict with this view, because the ionic micelle of gelatin anil 
proteins, unllfce that of soap, does not become crystalloidal in dilute 
solution, and so continues to be retained within the gel. 

The question now arises as to what are the colloidal particles 
which are linked together in the case of soap to form the gel 
structure. There are but two possibilities, neutral colloid and 
ionic micelle. It is uncertain as to how much of the neutral 
colloid is included in the ionic micelle, and it is just possible. 

• It might explain the fact that true reversible equilibria obtain in soap 
solutions if each of the true colloidal particles of soap were essentially 
composed of strings -r even sheets of molecules, thus harmonising collonM 
behaviour with molecular reactivity, and also resolving the problem of t f 
number of phases present in a gel. The mechanical properties of the sob 
would, however, require further consideration. Indeed, the stable existence 
of any colloidal aggregate has not yet been explained. 

f Each of the innumerable threads consisting of colloidal particles ' 
together could exhibit mechanical elasticity in itself. Owing to the amicro- 
scopic degree of dispersion, there would be such great frictional resistance 
thoir displacement in the liquid that this property of elasticity . 

transmitted to the mass of gel itself for a temporary period; the time r 
relaxation would be dependent upon the viscosity of the intramicellar iqui • 



SODIUM OLEATE SOLUTIONS, ETC. 1519 

although unlikely, that all of it is so included, and that therefore 
these conducting particles are those the orientation of which gives 
to the gel its structure. Were this possibility to be entertained, it 
would have to be assumed that the gel structure as a whole would 
carry half the current, the corresponding sodium ions being merely 
interspersed in the in(,ramieellary liquid of the gel. 

Much more probably, the neutral colloidal particles are thus 
linked up. An important fact to remember in the case of soap 
gels, and one that distinguishes them from salt solutions which 
have gelatinised with gelatin or agar-agar, is that here more than 
half the current is carried by the ionic micelle instead of by 
ordinary ions. Thus these colloidal particles, under the influence 
of electrical, as distinguished from mechanical, forces must pass 
as freely through the open network of the gel as they do through 
the sol. This is quite consonant with the fact that the neutral 
colloidal particles in soap sol and gel are identical in nature and 
amount. It is also supported by the observation of Salmon (loe. 
cit.) that the diffusion potential of soap against a solution of 
chloride is the same for a gel as for the sol, which indicates that 
the diffusibility of both sodium ion and ionic micelle are unaffected 
by gelatinisation. 


The Theory and Structure of Soap Curds. 

Whereas sol and gel are identical, save for some coherence or 
orientation of the colloidal particles, curds, as will, be shown, are 
the result of an actual removal cf soap from the solution in the 
form of while fibres, the product, of a process closely related to 
crystallisation. 

Figs. 1 and 2 show that the specific conductivity of gel or sol 
is nearly proportional to its concentration, and that that of the 
corresponding curd is much smaller, and that in the curd it is 
comparatively independent of the concentration at any one 
temperature. The curd fibres therefore enmesh a solution much 
more dilute than the original sol or gel, of concentration which is 
roughly fixed for any one temperature. 

Were curd fibres a true crystalline phase of constant composi- 
tion, it would follow that the solution they enmesh would exhibit 
a definite saturation concentration for each temperature, and this 
concentration would bo the definite solubility of such curd fibres 
at that temperature. The specific conductivity of a curd at any 
temperature would then be nearly independent of the total 
original concentration of that curd, although only approximately 
so, on account of the mechanical diminution of the cross-section of 
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the electrolyte through the presence of masses of curd fibres ' 
concentrated curds. One would expect, for this reason, that th e 
conductivity of a concentrated curd would be low as comp arec j 
with that of a dilute curd. The contrary is, however, the case 
The conductivity of a 0’6V-curd is always distinctly greater th an 
that of a 0*2iV-curd, and it is sometimes nearly twice as great 
Again, for a true crystalline phase of constant composition, th e 


Fig. 1. 



Specific conductivities of 0*2-, 0 4-, and -curds, gels, and sols o sodium 
oleatc, showing relative magnitude and effect of time. 

solubility would b/ independent of time, whereas for curd fibres 
this is not so. The curd falls off rapidly in conductivity during 
the first twelve hours, and the conductivity continues to diminish 
slowly for some months. As shown in table VI and Fig. 2, the 
conductivity of 0’2A-curd fell steadily for fourteen days, then 
remained nearly constant up to forty days at 0°. The 0 - 63 T -curd 
was altering so slowly that the experiment was discontinued at 
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twenty-on© clays, but the later experiment, with (MJV-curd, where 
conductivity was still falling at sixty-three days, shows that 
changes must extend over a period of months at least. 

Hence, although formation of curd means the separation of 
neutral soap from solution in the form of curd fibres, and is 
analog 0113 1° crystallisation, these fibres constitute a variable 
phase. F° r the present case, the phase rule assumes thp form 
3, where the extra degree of freedom is the diameter 
of the component particles of the curd fibre, or the diameter of 
the fibres themselves if each of these is one solid whole. 

There are two possible factors of variability, namely, the 


Fig. 2 



Temperature. 

Specific conductivity oj sols, gels , and curds of sodium oleate at various 
temperatures. 

diameter of the fibres and their degree of hydration. The first 
factor ceases to cause appreciable change as soon as the fibres have 
become microscopic. In any case, it can scarcely be the chief 
factor here concerned, for the specific conductivities of fresh 02 
and (HV-curds differ too greatly, whilst those of 04 and 06jY 7 - 
:urds, which at first nearly coincide, diverge on keeping, although 
by hypothesis the mother liquor would be identical in both cases. 
The general nature of the facts in tables III to VII is the same, 
whether fresh or aged curds are considered, whether equilibrium is 
approached from one side or the other, and whether much or but 
little time has been taken in so approaching equilibrium. 



] 522 EAING AND McBA§t : TEE INVESTIGATION OF 


It .would appear that the important factor involved is degr^ 0 > 
hydration, and that the more heavily hydrated fibres are the n or( 
insoluble and the more stable. Taking the last point first it 
follows from the phase rule that for any definite diameter of 
(or of component particles), the most stable form is that which fi 
least soluble, and, in fact, the conductivity does diminish wit], 
time. 

As regards degree of hydration, a series of investigations in tht 
laboratory, using several methods, one of which has been published 
(McBain and Taylor, T., 1919, 115, 1300), has shown that Iiydra- 
tion of curd fibres is greatly influenced by the vapour pressure of 
the mother liquor. Thus in the presence of 3’OiV-sodium hydr- 
oxide the composition of the palmitate fibres was NaP,3'2H,0 
whilst id the presence of 1 -5. V -sodium hydroxide it j- a , 
NaP,6'5H 2 0. 

According to this, therefore, the curd fibres which first separate 
out from O'fiV-oleat.e sol or gel are less hydrated and also more 
soluble than fibres which separate from 0'2A'-oleate. Such fibre 
are, moreover, unstable, in that greater hydration is required to 
correspond with the residual diluted mother liquor with which tier 
are finally in contact. It should be mentioned that concentration, 
not temperature as such, is the chief factor in determining tie 
degree of hydration. 

Equilibrium in a soap curd can therefore only be attained bv 
a process of recrystallisation, with formation of more heavily 
hydrated fibres, a process which requires much time, since convec- 
tion or stirring is impossible and the diffusibility of soap is low 
(Salmon, toe. at.). It seems certain, however, that the concen- 
tration of the pother liquor enmeshed in a soap curd kept it 
constant temperature would ultimately reach a value independent 
of its original concentration or previous history. This vie* 
receives further support from a comparison of tables III or V with 
VII, which show that an aged 0'6A'-curd exhibits a lower con- 
ductivity than a moderately fresh OAA-curd ; similarly with 0'4.T- 
and 0-2A-curds. Further, a curd which has been well aged at 0 J 
possesses, on subsequent keeping at any higher temperature, i 
conductivity which shows no tendency to rise. 

Discussing conductivity, as distinguished from concentration, it 
is a matter for some surprise that the heavy mass of fibres in i 
0-6iV-curd does not cause such mechanical obstruction to the 
passage of the current through reduction of the effective cross- 
section of the liquid as to reduce the specific conductivity to > 
much lower value than that of a 0'2,Y-solution, in which only 
about one-quarter as much fibje is present. The apparent absence 
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j a ny such effect might possibly be due to electric endosmosis ; the 
stL1 dy of the problem is being continued with the object of 
elucidating the phenomena which accompany the passage of current 
j n gels and sols as well as curds. The conductivity data here given 
suffice to sh° w th® two effects suggested are appreciable they 

nearly counterbalance each other. 

The conductivity curves in Fig. 2 show that with rising tempera- 
ture the solubility of the curd fibres increases, and the conductivity 
rapidly rises towards that of the sol or gel. The conductivity of 
curd, sol, and gel will become identical at the point where the 
solubility of the soap fibres becomes equal to the gross concentra- 
tion of soap present, where the last fibre just dissolves, or where 
»he first fibre just appears. Such a solubility curve is indicated 
lw the line of dashes in Fig. 2, although its exact position varies 
somewhat with the previous history of the curd fibres present, 

The rapid increase of the solubility of the curd fibres with rise 
of temperature is in accordance with that required by thermo- 
dynamics, as deduced from the heat of solidification. The heat 
evolved on solidification in the case of a soap solution which has 
teen cooled well below the temperature of initial solidification 
results in a noticeable rise of temperature. 

This conception of the solidification of soap solution as being 
essentially of the nature of a crystallisation process, with separ- 
ation of curd fibres, also explains the observation of McBain and 
Martin with regard to the increased alkalinity of curds at low 
temperatures as compared with sols at somewhat higher tempera- 
tures. They found that the hydrolytic alkalinity of the sol 
increases, within certain limits, with decrease of concentration or 
with rise of temperature. That it is greater when curd has 
formed is now evidently due to the fact that the residual solution 
is more dilute, and hence more hydrolysed. It is thus not 
necessary to conclude that the fibres in soap curd are anything but 
neutral (hydrated) soap, whereas previously it might have been 
suspected that they were very slightly acid soap (see also the 
analyses below). 

The behaviour of the sodium oleate systems here investigated 
is all in agreement with the incidental observations of McBain, 
Cornish, and Bowden on sodium myristate (T., 1912, 101 , 2053), 
oily they, like all authors hereto, confused 'gels and curds, and 
they did not allow sufficient time in the measurements of curds. 
They concluded that the formation of a soap curd is not a process 
continuous with the adjustment of the degree of dispersion of a 
colloid in the sol, since in a sol, supersaturated with respect to 
formation of curd, true reversible ^equilibrium subsists. 
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Composition and Solubility of Curd Fibres. 

In order to obtain a direct experimental control of the dedu c . 
tions made on the preceding section, curds and mother liquor w ere 
analysed. From curds of 0‘6.V-oleate, as much as possible of th, 
enmeshed mother liquor was removed by pressure and suction j, 
an atmosphere free from carbon dioxide, and the amounts of 
sodium and fatty acid radicle were determined. Three specimens 
thus examined all showed a slight alkalinity, the proportion of 
sodium to fatty acid radicle being 100'4, 100'9, 100'4 equivalents 
of sodium to 100 equivalents of oleic radicle. This slight 
alkalinity may be attributed to oxidation of the oleate. It is thus 
established that the curd fibres consist essentially of (hydrated) 
neutral soap ; the small amounts of acid soap which correspond 
with the hydrolytic alkalinity of all soap solutions are evidently 
completely submerged in these high concentrations of these neutral 
soap fibres. No data previously existed with regard to this point, 
for although many authors had analysed the sediments and 
suspensions from various soap solutions, since these always referral 
to low concentrations of solid, they found acid soaps of varying 
composition. 

Analyses made of the mother liquor of 0'6¥-curd at various 
temperatures also showed equivalence of the sodium and oleic 
radicle within a small fraction of 1 per cent. Each of these 
determinations was carried out in duplicate, involving four in- 
dependent analyses for each case. The resulting solubilities thus 
determined are, for n'5902V-curd of sodium oleate about sixteen 
hours old, 0’391/V at 18° and 0'261¥ at 10°, and for 0-1905J- 
sodium oleate and of about the same age at 18°, 0 0998JV. The 
solubility obtained from a 0 590.¥-curd, after three days at 0°, vis 
0-114A. 

These analyses thus substantiate the conclusions of the preceding 
section, and the lack of quantitative agreement with the con- 
ductivity measurements must partly, at least, be attributed to th 
difference in the age and previous history of the respective speci- 
mens. Further measurements will be undertaken with well-aged 
curds, the conductivity of which will be taken just before analysis, 

Preliminary Experiments on the Behaviour of Mired Curds of 
Oleate and Palmitate. 

In view of the fact that all commercial soaps are made from 
mixtures of fatty acids, it is of importance to inquire as to whether 
these different sodium salts separate out independently or whether 
the individual fibres are each .composed of mixture of soaps, n 
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ff jll be seen that although to a large extent the oleate and 
a lmitate remain independent, the separation is nevertheless in- 
oornplet e. Sodium palmitate was chosen, because its molecular 
weight, and especially its iodine value, differ from those of the 
oleate, and because its solubility is less than N j 40 at 25 — 30°, 
temperatures at which sodium oleate does not exist in the form of 
curd. 

Equivalent quantities of solutions of the oleate and palmitate 
were melted together to form a clear sol, and then allowed to cool 
until curd fibres separated out. 

In the first experiment, the enmeshed liquor was withdrawn at 
j 5 » i by means of a pipette, to a tiny piece of filter paper, which 
withheld the soap and allowed the soap solution to pass. The 
liquor was then weighed for analysis. 

In the second experiment, the mixed soap curd was transferred 
at 30° to a vacuum filter, and the enmeshed liquor drawn through. 
Air passing through the soap caused frothing of the withdrawn 
liquor. This was condensed by warming the flask, and weighed 


In the third experiment, the treatment was similar to that in 
the second, except that air deprived of carbon dioxide was drawn 
through the soap, the temperature this time being 25° (but see 
below). 

In the second and third cases, comparative experiments were 
made with aqueous sodium palmitate of the same concentration as 
in the mixture to ascertain what concentration of the more 
insoluble sodium palmitate existed at that temperature in the 
enmeshed liquor. 

The total concentration of soap in the filtrate was determined 
by decomposing and titrating with aqueous acid as well as with 
alcoholic hydroxide; the molecular weight of the fatty acid was 
deduced from its weight and the latter titration, and, finally, the 
iodine value of the fatty acid was determined. 

Table IX. 


,4sa lysis of Mother Liquor in Mixed Curd of Sodium Oleate 
and Palmitate. 


Experi- 

Tempera- 



Mol. 

Iodine 

ment. 

ture. 

Concentration. 

Filtrate. 

wt.* 

value, f 

1 ... 

36° 

0 1680# each 

0*1732# 

286-9 

82-2 

•■> 

30—35 

G - 19032V each 

0-2303# 

279-8 

71-8 

2 

30 

0*1914# NaP 

0-01778# 

256-3 

— 

3.'.'. 

25—17 

0"2486# each 

(0-2152#) 

282-7 

SI-2 

3... 

25 

0*2500# NaP 

0-00819# 

— 

— 


* H P = 256'l by theory; H 0: = 282'3 by theory 
t 0 0 by theory ; It 01 — 90' 1 by theory ; see table T. 
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Table IX shows that most of the oleate remains in the moth tt 
liquor, and that the palmitate mostly separates out as curd fibre,. 
This is shown by the high iodine values of the mixed fatty #c ii] s 
in the filtrate, namely, 82, 72, and 81, comparable with fairly pure 
oleic acid, as was shown in table I. 

The separation is, however, not quite complete, for there is son e 
oleate in the curd fibres. This was shown by a continuation „) 
experiment (3), in which the residual curd was washed with port 
water, and then a sample tested for the molecular weight of the 
fatty acid in the curd fibres. The result was 2631 instead of tl s 
theoretical value 2561 for palmitic acid. After about half of the, 
curd had been washed away, a sample was taken for determin. 
ation of the iodine value of the fatty acids present. The result 
was 11'2 instead of the 30 for the original palmitic acid used 
Hence the palmitate fibres contained 10 — 20 per cent, of oleate 
also, although, unfortunately, at the end of this experiment tie 
temperature was low enough for oleate itself to curd. It i; 
fortunate that the behaviour of a mixture is even so far additive, 
since in the corresponding sol the behaviour is much more com- 
plex. Further experiments at exact temperatures are contem- 
plated. 

Characterisation of a Commercial Soap. 

It is now possible to attempt a definition of a commercial soap. 
A transparent soap is a gel. All other hard commercial soaps are 
gels containing a felt of curd fibres. The gelatinisation may be due 
to the dissolved soaps or it may be partly due to other gelatinising 
filling agents. Curd fibres enmeshing a sol instead of a gel would 
probably not have the physical properties required . 

Thus, some of the soap is separated out as curd fibres, whilst 
some is in solution. The latter is absolutely necessary if the soap 
is to exhibit detergent action at ordinary temperatures. A soap 
containing only palmitate and stearate would not be a detergent 
at ordinary temperatures. The value of the presence of oleate 
lies, not only in its solubility, but in the persistence of its colloidal 
constituents in unusually dilute solutions. 

A good illustration of the dual qualities required of a com- 
mercial soap is to be found in the behaviour of remnants of used 
soaps which have largely lost their detergent properties through 
extraction of the more soluble constituents. 

Holde (Chem. Umschau Felt. Ind., 1920, 37, 56; Seifeu/dr. , 
1920 40, 113), in a recent summary of the facts with regard to 
residues of soap cakes, considers the further factor which helps m 
the accumulation of insoluble matter in these residues, namely. 



SODIUM OLEATE SOLUTIONS, ETC. 


1527 


the precipitation of calcium salts through reaction with the 
impurities in the water. 

Further interesting corroboration of the views here put forward 
is observed in the formation of the feathery clusters which separate 
in a soft soap on keeping, known as figging. Soft soaps made from 
linseed oil (and therefore containing chiefly very soluble soaps if 
unsaturated fatty acids show no “ fig ”). A small proportion of 
tallow rich in the less soluble stearate ensures figging. 

Another example is that mentioned by “H.A.” (Seijensied. 
leit., 1920, 47, 646). A sodium soap made from coconut oil 
alone is very hard and very crumbly. Substitution of potassium 
for some of the sodium, together with the addition of some 
potassium chloride to develop formation of a colloid, makes this 
soap more like ordinary soap, so that it can be stamped out into 
cakes; * 

For completeness, it should be mentioned that many commercial 
soaps are formed by the curding of a mixture of two liquids. 
When salt is added to a soap solution, the viscosity rises 
enormously, until suddenly the solution breaks into two layers and 
the mixture becomes of manageable effective mobility in the soap 
pan. 

Thus normally in the process of soap boiling the soap is probably 
never allowed to be in one homogeneous solution. This statement 
is the subject of a further communication from this laboratory to 
be made by Mr. Burnett. 


Summary. 

(1) We have discovered that a soap solution of one and the same 
concentration at any definite temperature may be prepared in 
three characteristic states; namely, clear fluid sol, transparent 
elastic gel, and white opaque curd. The latter has often, but 
erroneously, been called a gel. 

(2) The sol and gel forms of a solution of sodium oleate are 
identical in osmotic activity, concentration- of sodium ions, con- 
ductivity, and refractive index ; this proves that identical chemical 
equilibria and constituents are present in the two cases. The sol 
and gel differ only through the mechanical rigidity and elasticity 
of the gel form. 

(3) The quantitative identity of conductivity in sol and gel is 
irreconcilable with all theories of gel structure hitherto advanced, 
Mth the exception of the micellar theory of Nageli, which was 
resuscitated by Zsigmondy and Bachman n in 1912, and is strongly 
supported by many lines of evidence referred to in the present 
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paper. The colloidal particles in sol and gel are the same ^ 
whereas in the former they are independent, in a fully formed ■ 
they stick together, probably to form a filamentous structure 
It is probably the particles of neutral soap, and not of j 0I1 j c 
micelle, that exhibit this behaviour. 


(4) The formation of soap curd, in clear contradistinction f rDJa 
gelatinisation, is analogous to a process of crystallisation, neutr a ] 
soap separating from the solution in the form of curd fibres of 
microscopic or ultramicroscopic diameter. This is shown by ^ 
■drop in conductivity and osmotic activity, and confirmed by direct 
and indirect analysis in addition to observations with the ultra 
microscope. Coagulation and crystallisation are thus sharply 
distinguished from gelatinisation. This we consider to be the chief 
theoretical result of the present paper. 


(5) The curd fibres consist of hydrated neutral soap, the hydra- 
lion of which depends on their origin and previous history 
Within corresponding limits, their solubility is definite for each 
temperature. The so-called melting points of soap curds are the 
temperatures at which the solubility curve rises to a value equal 
to that of the total concentration of the soap, and at which the 
last curd fibre just dissolves. 


(6) All the above results are of general applicability, both on 
account of the detailed similarity of soaps to protein and gelatin 
salts, etc., as well as on account of the precision of the methods 
available in the investigation of these simple systems. 

(7) In a curd formed from a mixture of palmitic and oleic acids, 
the two soaps are largely independent. 


In conclusion, our thanks are due to the Colston Society of the 
University of Bristol, and to the Research Fund of the Chemical 
Society, for their generous grants, which enabled this work to be 
carried out. 


Thk University, 
Bristol. 


[Remmf, October IBth, 1 920.] 
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CLXVIII- A New Method for the Preparation of 
■ 2 : 4 -Dihydroxy- and 2 : 4 : \'-Tr,hydroxy-benzo- 
phenone, and some Observations relating to the 
ffoesch Reaction. 

By Henry Stephen. 

Is Hoesch’s method ( Ber ., 1915, 48, 1122) for the preparation of 
aromatic hydroxy-ketones by condensing phenolic compounds with 
nitriles in the presence of hydrogen chloride, the formation of an 
imino-chloride, CRCIINH, is assumed, and this compound con- 
denses with the phenolic compound to yield the ketimine, 
CRR'INH. The latter yields the corresponding ketone on hydro- 
lysis. Cyanogen bromide is exceptional in its behaviour towards 
hydrogen chloride (compare Karrer, He.lv. Chim. Ada, 1919, 2, 
89 ). References to the formation of additive compounds (im’ino^ 
haloids) of nitriles and hydrogen haloids are given in the literature 
(Gauthier, Annalen, 1869, 150, 187; Michael and Wing, Amer. 
Ciem. /., 1885, 7, 71), but the most definite evidence of the form- 
ation of 'such additive compounds was obtained by Troger and 
Lulling (/. pr. Chem., 1904, [ii], 69, 347), who obtained chloro- 
acetimide chloride, CH.Cl-CCKNH, from chloroacetonitrile and 
hydrogen chloride. The author has prepared this compound, and 
found that, on mixing it with the theoretical amount of resorcinol 
and warming on the water-bath at 50—60°, hydrogen chloride was 
evolved, o-chlororesacetophenone (needles, m. p, 131°) being sub- 
sequently isolated from the product. Sonn (Ber., 1917, 50, 1262) 
has condensed chloroacetonitrile with resorcinol according to 
Hoesch’s method, and obtained the same substance. The 
mechanism of the reaction is therefore explained as follows, accord- 
ing to the above experiment : 

c,,h 4 (oh)»+ ch. 2 ci*cci:nh i^c c h 3 (oh),-c(:nh)-ch,ci, 

(i.) 

lie ketimine* (I) yielding the ketone on hydrolysis. 

Further evidence of the mechanism of the Hoesch reaction is 
atorded by the fact that certain .^’-substituted imino-chiorides, for 
example, benzanilideiminochloride, CPhCKNPh, react on warming 
nth resorcinol, yielding the anils of the corresponding hydroxy- 
'fones. Thus, in the case of benzanilideiminochloride. the anil 
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(II) of 2 :4-dihydroxybenzophenone is obtained as follows, and 
hydrolysis, yields the ketone: 

C 8 H 4 (OH), i CPbCliNl’li C c H s (OH) 2 -CPh:NPli 

(II) 

In a similar way, 2:4:4'-trihydroxybenzophenone, 

OH-C 6 H 4 -CO-C c H 3 (OH) ! 

(III) , was obtained from p-ethylcarbonatobenzamlideiminoclilojy 
(Sonn and Miiller, Ker., 1919, 52, 1927). 

An attempt to prepare 2 :4-dihydroxyphenyl styryl ketone* l, 
condensing cinnamauilideiminochloride with resorcinol y' 
unsuccessful. 

It may be mentioned that einnamanilideiminochloride, prepared 
according to Sonn and Muller’s method ( loc . off.), is a solid 
crystallising from toluene in clusters of needles melting at 30°, and 
not a red, viscous mass, as described by these authors, although ii 
heated for some time an the water-bath the crystals change into g 
red mass. . 

The failure to prepare 2 :4-dihydroxyphenyl styryl ketone t 
parallel to that of Fischer and Nouri ( Ber 1917 , 50, 693), wk 
attempted to prepare 2 : 4 : 6-trihydroxyphenyl styryl ketone iron 
phloroglucinol and cinnamonitrile by Hoeseh’s method, an 
obtained instead 5 : 7-dihydroxy4-phenyl-3 : 4-dihydrol : 2-benzo 
pyrone. This anomalous behaviour is due, apparently, to th 
unsaturated nature of the nitrile, since phloretonitrile (j3-;j-hydt 
oxyphenylpropionitrile) condenses in the usual way with resorcins 
or phloroglucinol. 

In carrying out the condensations of the A-substituted min 
chlorides with resorcinol, certain observations have led the autho 
to believe that an imino-ether is the first product of the reaction 
which then undergoes isomeric change, resulting in a shift of tl 
group -CPhlNPh into the nucleus in the ortho- and para-positi™ 
with respect to the hydroxyl groups. Thus, in the case of ben 
anilideiminochloride, the preliminary reaction may be represent* 

* This ketone cannot be prepared by condensing resorcinol and cinnam 
nitrile according to Hoesch’s method for reasons which are given late 
Bargellini and Marrntonio (Atti R. Accad. Lincei, 1908, [~v] ~17. ij ( 119) sis 
that the same ketoife can be prepared by fusing cinnamic affd and resorcin 
with anhydrous zinc chloride. This experiment wag repeated in order 
obtain a specimen of the ketone for purposes of comparison, and the deta 
are so simple that no difficulty would be anticipated. After many attemf 
had been made, the method was abandoned, no trace of ketone being obtaine 
the chief result being the formation of a red-coloured substance the investig 
tion of which was not pursued further, and the conclusion was drawn that t 
statement of the above authors was incorrect. 
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, 3 follows, the imino-ether (IV) undergoing subsequent change to 
the anil (II) : 

C 6 H,(OH) 2 + CPhCKNPh C c H s (OH)-0-CPh:NPh. 

(IV.) 

Xhe evidence in favour of this isomeric change depends on the 
observation that the best yield of the anil (II) was obtained by 
gist warming the mixture of the imino-chloride and resorcinol on 
tie water-bath until the evolution of hydrogen chloride ceased, and 
subsequently heating in an oil-bath at 150°. Several instances of 
isomeric change of acyl derivatives of phenols involving a migra- 
tion of the acyl group into the nucleus are also known to take place 
on heating. The preliminary warming of the above mixture on 
tie water-bath resulted in the formation of an oily product, which 
TJ5 found to be easily hydrolysed into benzanilide and resorcinol 
on boiling for a short time with dilute hydrochloric acid; this 
would be the behaviour expected of the imino-ether. 

A similar observation was made iu experiments with cinnara- 
auilideiminochloride' and resorcinol, and it is probable that the 
imino-ether (V) is first formed on the water-bath, but, on heating 
at a higher temperature in an oil-bath, this undergoes internal 
condensation, and not the above isomeric change, yielding the anil 
of 7-hydroxy-4-pheny]-3 : 4-dihydro-l : 2-benzopyrone (VI): 


C,H ( {OH)-O-0(:NPh)*CH:CHPh 

(V.) 


c 6 h 3 (0H)<^.; 
(VI.) 


c:uph 


This reaction is thus analogous to the formation of the benzo- 
pyrone investigated by Fischer and Nouri (toe. cit.). The imino- 
ether (V) was obtained as an oily product, which was easily 
hydrolysed to cinuamanilide and resorcinol on boiling for a few 
minutes with dilute hydrochloric acid or by prolonged boiling with 
water . The formation of the anil (VI) still remains in doubt, and 
is reserved for further investigation. 


Experimental. 

2 i&-Dihydro%yben,zophenone (BenzoresorcinoV/. 

The benzanilideiminochloride used in this experiment was pre- 
pared from benzanilide which had been carefully purified. The 
method adopted was the same as that due to Wallach (Annalen, 
18(7, 184, 86), and the product was purified by distillation under 
diminished pressure. Attempts were made to replace the phos- 
phorus pentachloride as used in Wallach’s method by thionyl 
chloride, but without success. 
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Three grams (1 mol.) of the imino-chloride were mixed • , 
2 grams (1 mol.) of resorcinol, and then warmed on the Water-t,.; 
at 50°; when the evolution of hydrogen chloride had ceased t | 
mixture was transferred to an oil-bath and heated for ten minutes 
at 150°. Longer heating caused much decomposition, the produ tt 
becoming darker in colour. The red-coloured mass was then boilej 
with water to remove any unchanged resorcinol, and the aque« t 
solution decanted from the viscid, red oil. This operation » as 
repeated several times, and the oil allowed to remain in q 
refrigerator overnight. It showed no tendency to crystallise, bein 
very readily soluble in most of the usual solvents. After several 
attempts, a small quantity of a bright yellow, crystalline compound 
separated from ethyl acetate, which melted and decomposed o 
228 — 230°. There was, unfortunately, insufficient for an analysis 


Hydrolysis of the Anilide of 2 : i-Dih ydroxybemophenont 

The most successful method of hydrolysis consisted in boilim 
the oil with about 25 per cent, hydrochloric acid. The oil was 
first treated with 50 c.c. of hydrochloric acid, boiled for fifteen 
minutes, and the yellow solution decanted and filtered from the 
tarry matter. This operation was repeated several times, tie 
accumulated filtrates were boiled with animal charcoal, and, on 
filtering, a clear solution was obtained, from which long needles 
of 2 : 4-dihydroxybenzophenone separated. These melted at 144“ 
and were identical with a sample of the same substance prepared 
by condensing benzonitrile with resorcinol according to tie 
mothod used by Hoesch, who prepared the substance in that way. 

A more rapid method of hydrolysis, but one which leads t« 
difficulty in the final stage of purification of the product, consists 
in heating the oil with sufficient dilute alcohol to dissolve it, and 
then passing in hydrogen chloride until the solvent is near!; 
saturated. The mixture was boiled for a whole day under a retl'.r. 
condenser, and then filtered. Some tarry matter passed into the 
filtrate, owing to the alcohol present, and this causes difficulty in 
the purification of tho ketone after evaporation of the alcohol, tat 
by recrystallising ‘he product several times from hot water and 
repeated treatment with animal charcoal, a pure sample ol 
2 : 4-dihydroxybenzophenone was obtained. 


2:4: 4 ! -Trihi/d rosy benzophenone (III). 

The starting material for the experiment was p-ethylcarbonato- 
benzoic acid, which was prepared according to Fischer and 
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fre udenberg's method {Annalen, 1910, 372, 36), by shaking 
3 0 grams of pdiydroxybenzoic acid with 30 grams of ethyl chloro- 
Idfoate and 450 c.c. of iY-sodium hydroxide. It crystallised from 
,,-etone in needles melting at 156°. 

Xhe acid chloride was prepared by heating 25 grams of the acid 
fith 24 grams of phosphorus pentachloride. After removing the 
plosphoryl chloride, the acid chloride distilled at 170°/12 mm. 

It was then converted into p-ethylcarbonatobenzanilide by dis- 
solving 20 grams in dry benzene and gradually adding 17 grams 
(1 boIs.) of aniline while shaking. A white solid, consisting of a 
mixture of aniline hydrochloride and p-el.hyl carbon a tobenzanilide, 
separated, and, after allowing to remain overnight, the precipitate 
ns collected and triturated with very dilute hydrochloric acid to 
remove aniline hydrochloride. It was then collected, washed with 
nter, then with dilute sodium hydrogen carbonate solution to 
remove any acid present, and again with water, and then dried. 


Preparation of the Imino-chloride. 

Five grains (1 mol.) of p-ethylcarbonatobenzanilide were 
suspended, in dry toluene, 3'7 grams (1 mol.) of powdered phos- 
phorus pentachloride added, and the mixture was warmed gently 
)E the water-bath for fifteen minutes, when a clear solution was 
obtained. The phosphoryl chloride and toluene were then distilled 
>J under diminished pressure, and the imino-chloride remained as 
i brown, crystalline mass. This was not purified, as it easily 
lecomposes in air, but it melted at about 80°. 


Condensation of Resorcinol with the Imino-chloride. 

To the imino-chloride in the distillation flask, 2’5 grams (1 mol.) 
if resorcinol were added, and the mixture was warmed gently on 
he steam-bath. A reaction soon started, hydrogen chloride being 
solved, and the mass became darker in colour. After heating for 
»enty minutes, the residue was dissolved in alcohol, about 2 c.c. 
if hydrochloric acid were added, and the mixture was boiled for 
everal hours in order to hydrolyse the ethylcarbonato-group and 
he imino-group. The alcohol was then distilled off under 
liminished pressure, and the residue crystallised from hot water 
"pale yellow needles melting at 200°. It gave a purple coloration 
nth ferric chloride in alcoholic solution, and was found to be 
1 d'-trihydroxybenzophenone (Komarowski and Kostanecki, 
1894, 27, 1999, give the melting point as 200 — 201°). 
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CLXIX. — Studies in the Coumaranone Series. Part I. 
The Preparation of 4-, 5-, and 6-Methyl 

coumaran-2-ones, and some Derivatives of o-, n>, 
and p - Tolyloxyacetic Acids. 

By Lucy Higginbotham and Henry Stephen. 

Stoermer and Bartsch ( Her ., 1900, 33, 3181) were the first to 
prepare the above three methylcoumaranones by condensing the 
corresponding p-, m- f and o-lolyloxyacetic acid9 by means of 
phosphoric oxide. The reaction which takes place in the formation, 
for example, of 4-methylcoumaran-2-one (I) from p-tolyloxyacetic 
acid may be represented as follows ; 

,/\>CH 2 -CO ! H _ n! o 

Mel^J — f 

(I.) 

Poor yields of the coumaranones were obtained by the above 
method, and the compounds isolated, and certain derivatives ot 
them, were impure, as subsequent investigation has shown. The 
preparation of 4-methylcoumaranone (T) was carried out success- 
fully by Auwers and Muller (Her., 1908, 41, 4233) and Fries and 
Finck (ibid., p. 4271) almost simultaneously, and the latter authors 
also describe the preparation of 5-methylcoumaranone* Tie 
method in both cases depends on the withdrawal of the elements 
of hydrogen halo'd from w-halogen-o-hydroxyacetophenones, but, 
owing to the 'difficulty in obtaining the required acetophenones, tbs 
method is not suitable for more general application. 

The present investigation provides a method for the preparation 
of all three coumaranones, and is in principle analogous to the 
method given by Stoermer and Bartsch indicated above, but with 

* Auwers (Her., 1916,49, 809) has recently prepared 6-methylcoumaran-.- 
one by a similar method. 


'VNjh. 


Me 1 


\/' 


-CO 
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Ij 8 difference that the coumaranones are derived from the acid 
chlorides of the three tolyloxyacetic acids. Methods for the pre- 
paration of these acids have been known for some time, but modifi- 
cations of them are described in the present paper which give 
improved yields and shorten the time required for reaction. The 
conversion of the acids into the acid chlorides was found to take 
lace more readily using thionyl chloride rather than phosphorus 
cntachlonde. Michael (Amer. Chem. 1889, 9, 216) has shown 
hat phenoxyacetic acid, on treatment with phosphorus penta- 
hloride, yields the acid chloride, but, at the same time, a con- 
iderable amount of a mixture of o- and p-chlorophenoxyacetyl 
hlorides is formed. Using thionyl chloride, almost quantitative 
ields of the three tolyloxyacetyl chlorides are obtained. Phenoxy. 
cetyl chloride is also readily prepared in this way. 

Stoermer and Ateustadt (Ber. t 1902, 35, 3569) have shown that 
rlien phenoxyacetyl chloride is dissolved in benzene and treated 
rith aluminium chloride, two products result from the reaction, 
tamely, coumaran-2-one (m. p. 101°) and o-phenoxy acetophenone 
m. p. 72°). These were separated, according to the above authors, 
iy distillation in a current of steam, coumaran-2-one being volatile 
,nd e-phenoxyacetophenone being isolated from the residue after 
listillation. This procedure is not, however, in agreement with 
he statement of Mohlau (Ber., 1882, 15, 2497), who prepared 
i-phenoxyacetophenone (m. p. 72°) from tu-bromoacetophenone and 
ihenol in alkaline solution, and describes the ketone as being 
■olatile in steam. It is thus difficult to understand how Stoermer 
ad Atenstadt could have isolated the ketone in the manner 
[escribed. A repetition of their experiment has been made, and, 
didst no ketone was isolated, a small amount of coumaran-2-one 
>as obtained (m. p 101°). The latter substance was also isolated 
rom the reaction which took place when a solution of phenoxyacetyl 
hloride in carbon disulphide was treated with aluminium chloride, 
a both cases, much residue was left after distillation with steam. 


The above reaction was then applied to the three tolyloxyacetyl 
hlorides mentioned above, and in the first series of experiments 
he reaction was carried out using an excess of benzene as solvent . 
^one of the three co-tolyloxy acetophenones, which might have been 


ormed in the usual way by the condensation of the tolyloxyacetyl 
hlorides with benzene, was obtained, the only crystalline products 
solated from the reactions being the 4-, 5-, and 6-metliylcoumaran- 
ffles. The same compounds were formed by treating solutions of 
he acid chlorides in carbon disulphide with aluminium chloride. 
The yields of coumaranones obtained by either method of pro- 
' e '* ure are approximately the same, usually about 35 to 40 per 
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cent, of the theoretical, and although not quite so good as those 
obtained by Auwers and lliiller and by Fries and Finck {loc. cit ) 
the method offers several advantages over that given by these 
investigators. 

For purposes of comparison, attempts have been made to pre- 
pare the three oj-tolyloxyacetophenones according to the method 
described by Kunckell (Her., 1897, 30 , 577), who claims to have 
prepared ej-m-tolyloxyacetophenone by treating (o-bromoaceto- 
phenone and m-cresol dissolved in alcohol with sodium hydroxide 
and, in a similar way, m-p-tolyloxyacetophenone was prepared from 
oj-bromoacetophenone and p-cresol. Both experiments were 
repeated with a slight modification, using w-chloroacetophenone 
instead of the corresponding bromo-compound, and from each 
experiment two substances were obtained, both of which contained 
chlorine, and melted at 118° and 148° respectively. These com- 
pounds were isolated under different conditions, the former being 
obtained by warming a mixture of w-chloroacetophenone with 
either m- or p-cresol in the presence of alcoholic sodium hydroxide 
on the water-bath for an hour. After filtering off the sodium 
chloride formed during the re...tion from the alcoholic solution, 
which no longer possessed the pungent odour of the chloro-ketone, 
although the odour of cresol was evident, fine needles were deposited 
which melted as above after recrystallisation from methyl alcohol. 
The compound of higher melting point was formed when the heat 
ing of the alcoholic solution of the mixture was continued for 
several hours. After similar treatment, the above-mentioned com- 
pound, melting at 148° and crystallising from methyl alcohol in 
small prisms, was obtained. Subsequent investigation has shown 
that both substances could be obtained in several ways; thus, on 
treating an alcoholic solution of o-chloroacetophenone with the dry 
sodium compounds of phenol, o-, m - , and p-cresols, and /3-naphthol, 
respectively, each experiment gave one or other of the above chloro- 
compounds, according to the duration of the reaction. 

The action of these sodium compounds, and also that of sodium 
hydroxide, on oj-chloroacetophenone is the same as that of ammonia 
and sodium ethoxide on the same substance as was investigated by 
Staedel and Riigheimer ( Ber ., 1876, 9 , 1759) and by Paal and 
Stern (Ber., 1899, 32 , 531) respectively, and both investigations 
have shown that two chloro-compounds are formed, namely, the 
so-called a- and /?-chlorodiphenacyls, melting at 117° and 154° 
respectively. Widman and Almstrom ( Annden , 1913, 400 , 86) 
have investigated the constitutions of both compounds, and shown 
that a-chlorodiphenacyl is cis-2-chloro-3 : 4-oxido-3 : 5-dipbenyltetra- 
hydrofuran (II) (m. p, 117 — 118°), and that the 6-compound is 
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the corresponding <rans-isomeride (III) (m. p. 149°, and not 154°, 
as given above). 

® ,0-CHPh-CH 
C( | 

cPh-o 

(in.) 

It is thus difficult to understand how various investigators in 
the past have succeeded in preparing w-alkylated or w-arylated 
acetophenones by the action of sodium compounds of alcohols or 
phenols on w-halogenacetophenones. An investigation of this 
problem is being carried out by one of us. 

The preparation of other derivatives of o-, m-, and p-tolyloxy- 
acetic acids is described below. 

Experimental. 
o-, m-, and p-Tolyloxy acetic Acids. 

The preparation of these acids by treating a mixture of chloro- 
acetib acid and the corresponding cresol with an aqueous solution 
of sodium hydroxide has been known for some time, the ortho-acid 
having been first prepared by Oglialoro-Todaro and Cannone 
(i Gazzettd , 1889, 18, 511), and the meta- and para-acids by 
Oglialoro-Todaro and Forte ( Gazzetta , 1891, 20, 508) and Gabriel 
(Ber., 1882, 14, 923). Details of a modified method for the 
preparation of the three acids by the same reaction are given in 
D R.-P. 79514 and 85490. 

Numerous experiments, carried out according to the details 
given in the above investigations, have shown that the yields of 
the acids never exceed 60 per cent, of the theoretical, loss of 
chloroacetic acid by hydrolysis probably taking place. The present 
investigation has shown that the effect of hydrolysis can be mini- 
mised by adding the cresol, dissolved in alkali hydroxide, to the 
chloroacetic acid. In the particular case of the meta-acid, the 
sodium hydroxide was replaced by an equivalent amount of 
potassium hydroxide, which gave an increased yield of the product; 
in other respects, the process was the same. 

Ninety-six gram's (1 mol.) of chloroacetic acid were heated in an 
oil-bath at 110—120°, and a solution of 108 grams (1 mol.) of the 
cresol and 100 grams (2 5 mols.) of sodium hydroxide in 400 c.c. 
of water was slowly added with frequent shaking. The addition 
of the solution was complete in two hours, when the product, after 
being cooled to about 40°, was acidified with approximately 
2iV-sulphuric acid. The tolyloxyacetic acid was collected, drained, 

VOL. exvu. 3 L 
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and finally washed with 20 c.c. of light petroleum to remove traces 
of adhering cresol. The weight of crude acid was 140 grams, and 
a further 10 grams were extracted with ether from the filtrate the 
combined yield being 90 per cent, of the theoretical. The acid 
obtained in this way is pure enough for most purposes without 
further treatment. 

The temperature stated above at which the acidification was 
carried out is of importance, since the meta-acid undergoes decom- 
position to some extent by mineral acid at higher temperatures. 
On the other hand, the sodium salt of the para-acid is only 
moderately soluble in water at 40°, and the free acid was best 
obtained by warming the solution to 70°, when the sodium salt 
dissolved, and slowly adding 2A'-sulphuric acid at the same 
temperature until acid. 

The acids may be purified by crystallisation from dilute alcohol, 
and are then obtained in thin, glistening plates, the melting points 
of which are 151 — 152°, 102°, and 135° for the ortho-, meta-, and 
para-acids respectively, agreeing with those given in the literature. 

The acids are decomposed into the respective cresol and glycollic 
acid on distillation in a current of steam, or by boiling with dilute 
mineral acids, the meta-acid more readily than the para-, the 
ortho-acid being the most resistant to such treatment. 

Preparation of the Ammonium Salts of the above Acids. 

In connexion with the preparation of the nitriles of the tolyl- 
oxyacetic acids, the ammonium salts were obtained most readily in 
the following way. 

Twenty-five grams of the acid were dissolved in 100 c.c. of dry 
ether, and the solution was saturated with dry ammonia at the 
ordinary temperature. The anhydrous ammonium salt separated 
from the ethereal solution as a fine, crystalline powder. 

The ammonium salts of the o-, m-, and p-acids decompose at 
126°, 188°, and 177° respectively. 

o-, m-, and ip-Tolyloxy acetyl Chlorides, C & H 0 O 2 CL 

These acid chloride \ have hitherto not been described. Twenty 
grams (1 mol.) of the acid, previously dried by fusion, were finely 
powdered and placed in a small flask fitted with a reflux apparatus 
on a water-bath at 60°; 18 grams (T5 mols.) of thionyl chloride 
were added slowly, and the reaction was moderated, if necessary, 
by removal of the flask from the water-bath. The reaction was 
complete at the end of fifteen minutes, and a pale yellow liquid 
remained; longer heating caused the product to darken in colour, 
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resulting in a P°° r yield of the acid chloride. The excess of 
thionyl chloride was removed by distillation on the water-bath afc 
30 ° under about 15 mm. pressure, and the residue finally distilled 
a t 10 mm- Twenty grams of each acid chloride were obtained as 
colourless liquids, the yields being about 90 per cent, of the 
theoretical, and in all three cases the products were obtained solid. 

B. p./lOmm. M. p. 

o-Tolyloxy acetyl chloride 120° 29 — 30° 

m- „ 126 19-3 

p. „ 124 17-9 

They are all soluble in carbon disulphide, benzene, or ether, and 
are decomposed by water, yielding the respective acids. 

o-, m-, and p-Tolyloxyacetamides , C 9 H n 0 2 N. 

(1) Twenty grams of the ammonium salt of o-tolyloxyacetic 
acid were heated under 10 mm. pressure in a distillation flask in 
an oil-bath at 135°, water passed over, and the reaction was com- 
plete when the solid in the flask had liquefied, the amide formed 
being then at a temperature above its melting point. 

In the cases of the ammonium salts of the meta- and para-acids, 
the temperature of the oil-bath was maintained at 190 — 200° in 
consequence of the higher decomposition points. The liquid residue 
solidified on cooling, and the product crystallised from alcohol. 

(2) On warming the acid chlorides with an excess of ammonium 
carbonate on the water-bath for half an hour, and removing the 
ammonium chloride formed by triturating the solid mass with cold' 
water and filtering, the amides were obtained pure after crystal- 
lisation from alcohol, and identical with those prepared by the 
first method. 

The three compounds were purified for analysis by recrystal- 
lisation from benzene, being obtained in stout, rhombic prisms, and 
the purity of each substance was tested by boiling a known weight 
with aqueous sodium hydroxide and collecting the ammonia 
liberated in standard acid. The results were in close agreement 
with the theoretical values. 

M. p. M. p. 

o-Tolyloxy acetamide 127 u 128° ^ 

m - „ 118 111—112 

p- „ 119 126 

The figures in the second column are those given by Forte 
( Qazzetta , 1893, 22, ii, 526). 

The amides are sparingly soluble in cold methyl and ethyl 
alcohols or benzene, but dissolve readily on warming, and are 
slowly hydrolysed by boiling with water. 


3 L 2 
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The yields of the amides obtained by both methods are about 
90 per cent, of the theoretical. 


o, m-, and ji-Tolyloxyacetonitriles , C 9 H 9 ON. 

The meta- and para-compounds were obtained by Stqermer and 
Schmidt (iter., 1899, 30, 1705) from the oximes of the correspond- 
ing tolyloxyacetaldehydes, the former being a yellow liquid (b. p. 
254°) and the latter crystallising in needles (m. p. 40°). The 
ort Ao-compound has not hitherto been described. The three sub- 
stances are more readily prepared by treating the amides with 
phosphoric oxide. 

Ten grams of the amide were intimately mixed with 10 grams 
of phosphoric oxide in a distillation flask, and the mixture was 
warmed in an oil-bath at 120°. When the reaction had begun, 
the side-tube of the receiver attached to the flask was connected to 
the pump, and a yellow oil distilled at 130°/ 10 mm. After fifteen 
minutes, the temperature of the oil-bath was raised to 150°, and 
the distillation was complete after a further ten minutes. Six 
grams of nitrile were obtained in this way. 

B. p./lOmra. M. p. 

o-Tolyloxyacetonitrile 133° yellow oil. 

m- „ HI 

p. ,, 136 38—39° 

The nitriles are easily hydrolysed on boiling with aqueous sodium 
hydroxide, yielding the corresponding acid, and are soluble in the 
usual organic solvents. 

o-, m-, and p-Tulyloxyacetanilides , C 15 H ]5 0 2 N. 

These anilides may be readily prepared by the following method. 
Ten grams (1 mol.) of the acid chloride were dissolved in 100 c.c. 
of dry benzene in a flask fitted with a reflux apparatus, and 
10 grams (2 mols.) of freshly distilled aniline slowly added with 
vigorous shaking. After cooling, the solid which had separated 
was filtered, and t.he benzene solution containing some aniline 
was evaporated, and the residue added to the main bulk. The 
whole was then triturated with dilute hydrochloric acid to remove 
aniline hydrochloride, and finally treated with cold dilute sodium 
carbonate solution to remove traces of acid. The substance was 
then crystallised from ethyl alcohol, in which the ortho-compound 
was the most and the para-compound the least soluble, the meta- 
compound being moderately soluble. They are readily hydrolysed 
on boiling with dilute hydrochloric acid. 
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M. p. 

o-Tolyloxy acetanilide (cubes) 108’ 5 s 

m- „ (needles) 9o 

P- ,, ( „ ) 100 

These values are in close agreement with those given by Forte 
(ibid.). 

i-Methylcoumaran-2-one (I). 

Ten grams (1 mol.) of p-tolyloxyacetyl chloride were dissolved 
in 15 grams (3 mols.) of dry benzene, and 8 grams of finely 
powdered aluminium chloride slowly added with vigorous shaking, 
the mixture being cooled in ice. The reaction proceeded slowly, 
and the solution became dark red, but if the temperature was 
allowed to rise, the mixture rapidly turned into a dark-ooloured, 
tarry mass, and the yield of cumaranone was considerably 
diminished, in consequence of decomposition. The red solution, 
after remaining in the cold for two hours, was poured on powdered! 
ice mixed with hydrochloric acid, and the oil suspended in the 
water submitted to distillation in a current of steam for several 
hours until the distillate no longer showed a reducing action with 
Feliling’s solution, and the characteristic odour of the coumaranone 
was imperceptible. The upper layer of benzene, containing some 
coumaranone in solution, was separated from the aqueous layer, 
and the latter was extracted with ether several times to remove 
coumaranone dissolved in the water. The combined benzene and 
ethereal extracts were dried over anhydrous sodium sulphate, the. 
solvents removed on the water-bath, and, on cooling, the residue 
solidified to a mass of fine needles. The substance crystallised 
from ethyl alcohol in white needles melting at 51°. The yield was 
3 grams. 

The semicarbazone (yellow needles from alcohol) melted at 228° 
{heated slowly), and the oxime at 143 — 144° (Stoermer and Bartsch, 
loc. cit., give 181° and 144° respectively). 

The p-nitrophenylhydrazone was obtained by adding a solution 
of p-nitrophenylhydrazine in dilute acetic acid to an aqueous 
solution of the coumaranone. The hydrazone soon separated as a 
red, crystalline powder, and, after crystallisation from dilute acetic 
acid, it- melted and decomposed at 230 — 232° (Found: N = 14‘4. 
C] 5 H ls 0 3 N 3 requires N = 14'85 per cent.). 

5-Methylcoumaran-2-one was prepared in a manner similar to 
that described above from m-tolyloxyacetyl chloride, and was 
obtained in needles melting at 85°. The semicarbazone and oxime 
melted at 208° and 156° respectively. For the latter, Fries and 
Finck {loc. cit.) give 165°, probably a misprint. The p -nitro- 
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phenylhydrazone crystallises from dilute acetic acid i a red 
needles melting and decomposing at 214 — 216°. 

f>-Methylcoumaran-2-one, prepared from o-tolyloxyacetyl chlorid 
crystallised in needles melting at 88°. The semicarbazone and 
oxime melted at 227° and 148° respectively, and the p -nitrophenyl 
hydrazone (red needles) at 195° with decomposition. 

The above eoumaranones give purple colorations with f err ; c 
chloride, they reduce Fehling's solution on warming, and give an 
immediate precipitate of silver with Tollens’ reagent. On treat- 
ment with concentrated sulphuric acid, they dissolve, with the 
production of an intense red colour, and subsequent formation of 
tarry matter. On remaining in the air for some time, the crystals 
of the eoumaranones become coated with a bright red-coloured 
substance, probably an oxidation product. They have a 
characteristic odour resembling that of hyacinth. 

The authors desire to thank Professor Lapworth for facilities 
placed at their disposal in connexion with this investigation, and 
also Dr. W. W. Adamson for analysing several of the substances 
described above. 

Chemical Department, 

The University, 

Manchester. [Received, October ltl/i, 1920.] 


CLXX.— Carbazole-blue and Carbazole-violet, 

By Maurice Copisarow. 

Carbazole-blue was first obtained by Suida ( Ber 18 79, 12, 1403] 
by fusing carbazole with oxalic acid. He regarded it as the 
internal anhydride of S-aminodiphenyl^-carboxylic acid, whilst 
Bamberger and Miiller (Ber., 1887, 20, 1903) recognised that its 
properties pointed to a dye of the triphenylmethane class, and 
assigned to it the formula (C r2 H 8 N) 3 C , OH, although neither Suida s 
nor Bamberger a r d Miiller’s analytical figures agreed with either 
of these two formulae. 

The author has now found that carbazole-blue, like the triphenyl- 
methane dyes, furnishes a carbinol of the above formula which 
gives variously coloured salts with acids, of which the formate is 
identical with the colouring matter in question. 

The corresponding tricarbazylmetkane has also been prepared 
by reducing carbazole-blue. When 9-ethylcarbazole is similarly 
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fused with oxalic acid, a corresponding violet colouring matter is 
obtained, which it is proposed to name carbazole-violet, and the 
carbmol and parent hydrocarbon of this have been prepared 
From analogy to the triphenylmethane dyes, and from the fact 
that phthalyl chloride and phthalides are intermediate products in 
the formation of tetraphenylmethane-o-carboxylic acids (Copisarow, 
T., 1917, 111, 10), just as keto-chlorides are intermediate in the 
formation of the triphenylmethane dyes from carbon tetrachloride 
(Fierz and Koechlin, ffe.lv. Chim. Acta, 1918, 1, 218), and, further 
that the attachment of the central carbon atom in the phthalide of 
9-ethylcarbazole is at the 3-position in each of the carbazole nuclei 
(Copisarow and Weizmann, T„ 1915, 107, 878), it may reasonably 
be assumed that in the tricarbazylmethane colouring matters the 
methane carbon atom is linked to each carbazole nucleus at the 
^-position with respect to the nitrogen atom. 

The constitutional formula of carbazole-blue and carbazole- 
violet are therefore represented by formulae I and II respectively,* 
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NH 
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The chloride of tri-3 carbazylcarbinol (III) is obtained by con- 
densing carbazole with chloropicrin, and that of tri-9 ethyltri-3- 
carbazylcarbinol (IV) by condensing 9-ethylcarbazole with carbon 
tetrachloride. 

An important property of both carbazole-blue and carbazole- 
violet is the ease with which they are sulphonated. This indicates 
that the presence of a phenylene group, like that of the benzyl and 
phenyl groups, makes possible the production of soluble dyes of 
the triphenylmethane series. 

_ In connexion with the mechanism of formation of carbazole-blue, 
V-oxalylearbazole cannot be regarded as an intermediate compound 
in the synthesis of carbazole-blue, and obviously not in the case of 
carbazole-violet (Copisarow, T., 1918, 113, 816). Carbazole con- 
denses in this case, not with oxalic acid itself, but with its decom- 


, (CijH,NR)jC:C 1! H 7 NR’OH | a regarded as the base, whilst the carbinol, 
CjjH 7 NR| C*OfT, may be taken as the pseudo-base. 
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position products, formic acid and carbon monoxide. This 
synthesis of carbazole-blue and carbazole-violet may thus be 
regarded as a combination of the “ aldehyde ” and “phosgene" 
processes of formation of members of the triphenylmethane series. 
The formation of carbazole-blue and carbazole-violet throws 
interesting light on the manner of decomposition of oxalic acid, 
definitely indicating formic acid as an intermediate product. 

The direct decomposition of oxalic acid without means of retain- 
ing the intermediate products results in the formation of carbon 
monoxide, carbon dioxide, and water (Calcagni, Gazzetta , 1920 
50, i, 245). 

Experimental. 

Carbazole-blue (I). 

Carbazole-blue was prepared according to Suida's method (foe. 
cit.), but the yield did not exceed 5 per cent, of the theoretical. 
The employment of anhydrous oxalic acid, zinc chloride, aluminium 
chloride, or modifying the conditions of heating gave no better 
results. 

No carbazole-blue was formed on condensing carbazole with 
carbon tetrachloride in the presence of aluminium chloride. 

The isolation and purification of the carbazole-blue was carried 
out in the following manner. The greenish-bine product of fusion 
of carbazole with oxalic acid was extracted with hot water until 
free from oxalic acid. The residue was dried, finely powdered, and 
exhaustively extracted with benzene in a Soxhlet apparatus. The 
blue product, remaining as a residue insoluble in benzene, was then 
extracted with alcohol, in which it is fairly soluble, the blue 
alcoholic solution being allowed to evaporate slowly. 

In this manner, carbazole-blue was obtained as a deep blue, 
granular powder, exhibiting a metallic lustre on trituration, or in 
thin layers. It charred without melting at. above 300°. Alcoholic 
or aqueous extracts of carbazole-blue gave no precipitate with silver 
nitrate or calcium chloride. The benzene extract was found to 
contain, in addition to unchanged carbazole, a little tri-3-carbazyI- 
methane, as indicated by oxidation, which ga^e the salt of the 
carbinol. 


Fission of Carbazole-blue. 

Bamberger and Muller (loc. cit.) noticed an odour of carbazole 
on destructive distillation of carbazole-blue alone or with zinc dust. 
The fact that no carbazole was actually isolated, and that destruc- 
tive distillation is apt to lead, not only to fissioi, but also reduc- 
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tiofl (Copisarow, P., 1914, 30, 111), made it necessary to investigate 
the matter further. 

pure carbazole-blue was mixed with five times its weight of 
powdered potassium hydroxide, and the fused mixture kept at 
240 — 250° for half an hour. The product was extracted with hot 
water, filtered, washed with dilute hydrochloric acid, and dried. 
The dried residue was extracted with benzene, the extract being 
decolorised with animal charcoal and allowed to evaporate gradu- 
ally. The small, grey crystals obtained in this way were recrystal- 
lised from alcohol, separating in white, pearly scales melting at 
238°, and were identified as carbazole. 


Tri-Z-car bazylcarbinol, 


NH NH 



(III.) 


The method adopted for the synthesis of the carbinol was that 
employed by Baeyer and Yilliger ( Ber ., 1904, 37, 2873) for the 
preparation of the carbinol of rosaniline-blue. Carbazole-blue was 
dissolved in pyridine with the addition of a little benzoic acid, and 
water gradually added until the solution became slightly turbid. 
The liquid was allowed to remain until its brown colour had prac- 
tically disappeared, then poured into dilute sodium hydroxide, and 
the mixture extracted with ether. 

The ethereal solution was washed several times with water, dried 
over sodium sulphate, the ether evaporated, and the residue 
crystallised twice from toluene. In this manner, the carbinol was 
obtained in small, white, prismatic crystals melting at 117 — 118°. 
For analysis, the ‘substance was dried at 105° in a current of 
hydrogen (Found: C = 83 - l; H = 4-64; N=7‘9. 
requires C = 84-22; H-4'78; N = 7-97 per cent.). 

On adding organic or mineral acids to the carbinol or its solu- 
tion, coloured salts are instantly formed. The colour of the salts 
varies with the acid, the range of colours being between violet and 
purple, the acetate being bluish-violet, the oxalate greenish-blue, 
the sulphate blu(* and the nitrate reddish-blue to purple. 

3 L* 
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The Chloride, (C 12 H 8 N) 2 C:C J2 H 8 NC1. 

Carbazole-blue was dissolved in pyridine with the addition of , 
little benzoic acid. To the boiling solution, a saturated solution 
of hydrogen chloride in pyridine was gradually added with stirring. 
The cooled mixture was poured into dilute hydrochloric acid, 
filtered, washed with dilute hydrochloric acid and water, pressed, 
and dried. The fine, blue, granular product was purified by means 
of alcohol in a manner identical to that adopted in the case of 
carbazole-blue (Pound: C = 80'46; H —43 ; Cl = 6'4. 
requires C=8136; H = 4'44; Cl = 6 ■ 5 per cent.). 

This compound decomposes without melting on heating above 
300°. 

It is practically insoluble in water or benzene, and fairly soluble 
in alcohol, glacial acetic acid, or pyridine. 

The Formate (I). 

This was prepared by treating tri-3-carbazylcarbinol, dissolved 
in pyridine, with an excess of concentrated formic acid. The 
mixture was poured into dilute formic acid, filtered, washed with 
dilute formic acid and water, pressed, and dried. The blue, 
granular powder was purified by crystallisation from alcohol 
(Pound: C=81'84; H = 4'5; N = 7-48. CjjHaOjNj requires 
C = 82'l ; H=4-54; N = 7'56 per cent.). 

The analytical data and general characteristics of this substance 
are identical with those of carbazole-blue, as indicated by Suida 
(loc. cit.) and Bamberger and Muller (he. c it.). 

Tri-3-carbazylmelhane, (C 12 H 8 N) 3 CH. 

The reduction of carbazole-blue was carried out as described by 
Bamberger and Muller (loc. cit.). The product crystallised from 
ether in small, while, rhombic needles melting at 217 — 218°. For 
analysis, the substance was dried at 120° in a current of hydrogen 
(Found: C=85’62; 11 = 4 7; N=8’2. C S7 H 26 N 3 requires C=86'85; 
H = 4-93; N=8'22 per cent.). 

Tri-3-carbazylmethane gave the corresponding coloured salts of 
the carbinol on oxidation with potassium permanganate in acid 
solution or with ehloranil in the presence of acetic acid. 

The Chloride and Tri-Z-carbaeylmethane. 

These two substances were also prepared in the following manner. 
A suspension of carbazole in an excess of chloropicrin was heated 
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unc ler an air condenser in an oil-bath for six hours, the tempera- 
ture being gradually raised from 125° to 145°. The reaction is 
slavish and incomplete, about 90 per cent, of the carbazole remain- 
ing unchanged. The gases evolved during the reaction contain 
nitrogen, carbonyl chloride, hydrogen chloride, etc. The mixture 
was treated with dilute hydrochloric acid and distilled in a current 
of steam. The residue was collected, washed with water, dried, 
and then extracted with benzene in a Soxhlet apparatus. The 
residue, a blue, granular powder, was crystallised from alcohol, and 
was found to consist of the chloride of tri-3-carbazylcarbinol. 

The benzene extract, freed from solvent, was crystallised from 
ethyl alcohol, the solution being decolorised with animal charcoal. 
The white, crystalline product contained, in addition to unchanged 
carbazole, some other substance, which, owing to its small amount, 
could not be isolated. When this white product was oxidised with 
potassium permanganate in the presence of hydrochloric acid, a 
blue product was obtained, which, on extraction with benzene, was 
found to consist of carbazole and a blue powder, identified as the 
chloride. This clearly indicated that the white substance accom- 
panying the unchanged carbazole was tri-3-carbazylmethane, which 
is formed as a by-product during the condensation. 

It is to be noted that, whilst the products of condensation of 
carbazole with chloropicriu are identical in composition and general 
properties with the chloride of tri-3-carbazylcarbinol and tri-3- 
carbazylmethane, the colouring matter appears to be somewhat 
duller and redder. This is probably due to the presence of traces 
of the chloride of benzhydrol, R,CH-OH, formed during the 
condensation and oxidation. 

Carbazole-violet (II). 

9-Ethylcarbazole was fused with ten times its weight of crystal- 
lised oxalic acid, as in the case of carhazolo-blue. The product was 
thoroughly extracted with hot water, the residue dried, and 
extracted with benzene in a Soxhlet apparatus. The residue, 
purified by crystallisation from alcohol, was a fine, violet powder 
exhibiting a metallic lustre on trituration or in thin layers. This 
product, which it is proposed to term “ carbazole-violet,” closely 
resembles carbazole- blue in its general properties. It is practically 
insoluble in water or benzene, and fairly soluble in alcohol or 
glacial acetic acid. Concentrated sulphuric acid sulphonates tho 
substance in the cold, the mixture giving, when poured in water, 
a bluish-violet solution. On heating, it chars without melting 
(Found; C=81-78; H = 54; N = 6'4. C 44 H 3 ,0 2 N 3 requires 

3 L* 2 
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C=82‘59; H=5*83; N = 6'57 per cent.). As in the case 0 { 
carbazol e-blue, a small amount of the reduction product was found 
in the benzene extract, along with unchanged 9-ethylcarb azole. 


Tri-2-ethyltri-’S-carbazylmethane, (C J4 H r >N) 3 CH. 

This is obtained by reducing carbazole-violet, as in the case of 
carbazole-blue; it crystallises from ether and benzene in white 
short needles melting at 186 — 187°. For analysis, the substance 
was dried at 120° in a current of hydrogen (Found: C=85‘84* 
H=5‘9; N=6'98. C 43 H 37 N 3 requires C = 86’68; H = 6'26; N = 7-05 
per cent.). 

On oxidation, as in the case of tri-3-carbazylmethane, the colour 
is regenerated, with the formation of the salts of the carbinol. 


The Chloride, (C 14 H 12 N) 2 C:C 14 H 12 NCL 

To a mixture of 55 grams (2 mols.) of 9-ethylcarbazole and 
24 grams (1 mol.) of carbon tetrachloride in 400 c.c. of carbon 
disulphide, 40 grams of finely powdered aluminium chloride were 
gradually added in the course of an hour, and the reaction was 
completed by heating the mixture on a water-bath for eight hours, 
The solvent was then distilled off, the residue treated with ice and 
a little hydrochloric acid, and the mixture distilled in a current 
of steam. The residue was collected, dried, and extracted 
thoroughly with benzene. The portion insoluble in benzene was a 
violet powder of a delicate shade showing a coppery lustre in thin 
layers or on ‘grinding. In its general characteristics, this substance 
differs but little from carbazole-blue or carbazole-violet. For 
analysis, it was purified by recrystallising from alcohol (Found: 
C=81T2; H = 5’6; 01 = 556. C^H^NgCI requires 0 = 81-93; 
H — 5*76 ; 01 = 5-64 per cent.)., 

The yield of the chloride was 87 per cent, of the theoretical, 
calculated on the basis of the 9-ethylcarbazole employed. Reduc- 
tion in the manner adopted in the case of carbazole-blue and 
carbazole-violet furnished tri-9-ethyltri-3-carbazylmethane (m. p. 
187°) in a mucl purer state than when obtained by reducing 
carbazole-violet. 

The condensation of 9-ethylcarbazole with chloroform in the 
presence of aluminium chloride, in a manner similar to that 
employed in the condensation with carbon tetrachloride, gave, as 
main product, tri-9-etliyltri-3-carbazylmelhane. No substance ct 
the diphenylmethane type could be isolated. The presence of some 
by-product, probably of the R 2 XH 2 type, was, however, indicated 
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by tie shades of the coloured products of oxidation. Oxidation of 
the twice recrystallised tri-9-ethyltri-3-carbazylmethane gave, in 
the presence of hydrochloric acid, a violet substance, the shade of 
which closely resembles that of carbazole-violet and the product of 
the condensation of 9-ethylcarbazole with carbon tetrachloride. 
Oxidation of the crude product gave, on the contrary, a deep 
greenish-blue substance, apparently due to the presence of the 
chloride of a benzhydrol. 


Tri-'j-ethyltri-S-carbazyharbinol, 
NEt 
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/\/\/\ 
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The method adopted for the preparation of this carbinol from the 
chloride was identical with that, employed in the case of tri-3- 
carbazylcarbinol. After crystallisation from ether and then 
benzene, tri-9-ethyltri-S-carlazylcarbinol was obtained in small, 
white needles melting at. 92 — 93°. For analysis, the substance was 
kept for three days un^er diminished pressure over paraffin, and 
then in a current of hydrogen at. 85° (Found: C-83'8; H = 6'0; 
N=6‘84. C 4S H S7 ON 3 requires C = 84-41 y H = 61; N = G'87 per 
cent.).. 

The general behaviour of the carbinol towards solvents and acids 
is similar to that exhibited by tri-3-carbazylcarbinol. 


The Formate (IX). 

The formate was prepared by shaking a solution of tri-9-ethyl- 
tri-3-carbazylcarbinol in benzene with an excess of formic acid. 
The fine, violet powder which separated was collected and dried. 

The analysis and general properties of this substance indicated 
it to be identical with carbazole-violet. 


Conversion of Carbazole-violet into Carbazole-blue. 

Tri-9-ethyltri-3-carbazylmethane was heated with four times its 
'eight of hydriodic acid (b. p. 126 — 127°) and a little aluminium 
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amalgam, the temperature of the mixture being gradually raised to 
130° in the course of two hours. When all the ethyl iodide was 
expelled (accelerated by a current of air), the residue was washed 
with dilute sodium carbonate and water. 

The dried residue was extracted with toluene, from the 
decolorised solution of which small, white crystals melting at 217° 
separated, and were identified as tri-3-carbazylmethane. On 
oxidation in the presence of acid, the coloured salts of the carbinol 
were obtained. 

The author wishes to express his thanks to Drs. C. Weizmann 
and IT. Stephen for the interest taken in this investigation, and to 
acknowledge with thanks a grant from the Research Fund of the 
Chemical Society, covering part of the expenses. 

Chemical Department, 

The University, ' 

Manchester. [Received, November 1 st, 1920.] 


CLXXI . — The Cyanine Dyes. Part III. The Con - 
stitution of Pinacyanol. 

By William Hobson Mills and Frances Mary Hamer. 

One of the most valuable of the photographic sensitisers in common 
use is a substance patented in 1905 b£ the Farbwerke vorm. 
Meister, Lucius & Briining (Brit. Pat. 16227 of 1905; D.R.-P. 
172118), and sold under the name of pinacyanol. 

The action of alkali on a hot alcoholic solution of a mixture of 
a quinoline and a quinaldine alkyl haloid brings about, as is well 
known, the development of an intense reddish-purple colour, on 
account of the formation of an f^ocyanine. If, however, form- 
aldehyde, as well as alkali, is added to the solution, the colour 
produced is a beautiful deep blue, and the substance to which this 
is due is a dye of the type of pinacyanol. Corresponding with the 
difference in colour, these blue dyes sensitise much further into 
the red than the ^ocyanines. A large number of compounds of 
this class have been prepared and examined in this laboratory, and 
the name carbocyanine has been proposed for them to provide a 
basis for their systematic nomenclature (Pope and Mills, Phot. J-, 
1920, 60 , 253). 

In view of the practical importance of these dyes, and of the 
interest attaching to the relationship between photo-sensitising 
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activity and structure, a definite knowledge of their constitution 
j 5 much to be desired. Two structural formulse have previously 
been put forward, but neither of them can be regarded as free 
from objection. 

0. Fischer ( J . pr. Chew,., 1918, [ii], 98. 204) has proposed 
formula I, and Wise, Adam, Stewart, and Lund ( J . Ind. Eng. 
Chem., 1919, 11, 460) suggest the constitution II. 
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Fischer’s formula appears not to represent the composition of 
the dyes correctly. It contains one atom of carbon less than is 
indicated by our analytical results. It is also improbable that 
compounds of this structure would possess the intense colour of the 
carbocyanines. 

The formula suggested by the American investigators represents 
the carbocyanines as dimethyl derivatives of the true cyanines. 
This does not accord with their photo sensitising action, nor does 
it agree with their behaviour on oxidation. The formula which 
our experiments have led us to regard as the most probable repre- 
sentation of the structure of the carbocyanines is III. It is based 
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on the following facts and considerations. 

(1) The carbocyanines are quaternary ammonium salts evidently 
containing two atoms of nitrogen and one equivalent of acid radicle 
in the molecule. A series of careful halogen determinations made 
on the dye obtained by treating quinaldine ethiodide with form- 
aldehyde and sodium hydroxide (1 : 1'-diethylcarbocyanine iodide), 
and on the corresponding bromide, showed that the molecular 
weight of the iodide was 479 + 1. 

Two molecules of quinaldine ethiodide are clearly concerned in 
the production of one molecule of the dye, but, since it contains 
carbon, hydrogen, nitrogen, and iodine only, the maximum mole- 
cular weight it could possess if derived from two molecules of 
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quinaldine ethiodide, with the loss of hydrogen iodide, would be 
470. The observed molecular weight therefore shows that, con- 
trary to the view of 0. Fischer (loc. cit.), it must contain the 
residue of one molecule of formaldehyde. 

Simple condensation with one molecule of formaldehyde would 
result in the addition of 12 units to the molecular weight. Tie 
observed increase of about 10 units indicates that, in addition to 
the elimination of hydrogen iodide and water, hydrogen (probably 
2 atoms) has been removed by some process of oxidation. 

The probable reaction for the formation of the dye is therefore 
2C 10 H 9 N,C. i H 5 X + CH 2 0 = C^H^X + E 2 0 + HI + 2H, 
and the formula C 25 H 25 N 3 X thus indicated is in excellent agree- 
ment with the analytical results. 

(2) Whilst the isocyanines are formed by condensation of one 
molecule of a quinoline alkyl iodide with one of a quinaldine alkyl 
iodide, two molecules of a quinaldine alkyl iodide are necessary 
for the formation of a carbocyanine ; a quinoline alkyl iodide, if 
present, takes no direct part in the condensation. 

This fact was discovered by 0. Fischer (loc. cit.), and also 
strongly suspected by the American investigators. It was similarly 
discovered in this laboratory through observing that the compound 
produced by t.he action of alkali and formaldehyde on a mixture 
of the ethiodides of quinoline and quinaldine was identical with 
that obtained from quinaldine ethiodide alone. 

The yield is, however, very much better in the former case, and 
this suggested that possibly t.he additional amount of carbocyanine 
might be formed from one molecule of quinoline alkyl iodide, two 
molecules of formaldehyde, and one of quinaldine alkyl iodide. 
The action of alkali and formaldehyde on a mixture of p-toh- 
quinaldine ethiodide and quinoline ethiodide was therefore 
investigated. 

The amount of sensitiser produced was about the same as from 
the corresponding mixture of quinaldine ethiodide and quinoline 
ethiodide, and it was found to be a homogeneous substance, since, 
by extraction with successive quantities of methyl alcohol, it was 
divided into six fractions identical in properties, and analysis 
showed that these consisted of the 1 : 1 '-diethyl-6 : 6'-dimethylcarbo- 
cyanine iodide described by Pope and Mills (loc. cit.). The whoe 
of the carbocyanine formed thus contained two p-toluquinaldine 
residues, and the quinoline ethiodide did not contribute to t e 
carbon skeleton of any portion of the dye produced. 6 
behaviour of many other substituted quinaldine alkyl io - es 
the carbocyanine condensation has been examined in this labora- 
tory with similar results (Pope and Mills, loc. cit.)-, thus, tor 
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example? from bromoquinaldin© ethiodide and quinoline ethiodide, 
a dibro-mocarbocyanine iodide is formed. 

It therefore appears that the alkyl iodides of the quinoline bases 
can only take part in the carbocyanine condensation provided they 
contain a. 2-methyl group, and in this condensation two molecules 
of such an alkyl iodide and one of formaldehyde are concerned. 

( 3 ) When a solution of diethylcarbocyanine bromide in dilute 
nitric acid is heated, the dye is rapidly oxidised, and the liquid, 
after becoming almost immediately bright orangered, is gradually 
decolorised, the colour practically disappearing after about an 
hour’s boiling. From the residue left after the nitric acid has 
been evaporated, which consists of a mixture of highly soluble 
substances, a crystalline quaternary nitrate can be isolated. The 
composition of this nitrate, together with its properties, and the 
fact that it gives l-ethyl-2-quinolone on oxidation with potassium 
ferricyanide, shows it to be quinaldinic acid ethyl nitrate (i). 
It is clearly derived from one of the quinaldine residues present 
in the pinacyanol molecule, and the yield of analytically pure 
material isolated varied, in four experiments, from 89 to 93 per 
cent, of the theoretical. The production of this compound shows 
that pinacyanol contains the grouping IV. 


\/v 


'CO,H 


NEt-NO, 


(A.) 



Y) ■ 


NEtX 

(V.) 


Moreover, that it is formed so smoothly and easily further 
indicates that this residue is united to the rest of the molecule by 
an ethylenic linking, and thus that pinacyanol contains the 
grouping V. 

The other main oxidation product, or products, are exceedingly 
soluble, and have not yet been identified. The residue left after 
the removal of the quinaldinic acid ethyl nitrate was therefore 
further oxidised with alkaline ferricyanide, and was found to give 
rise to l-ethyI-2-quinoIone.* The weight of distilled, colourless, 
crystalline product was 60 per cent, of the weight of ethylquinolone 
theoretically obtainable from one quinaldine residue in the pina- 
cyanol originally taken. It was not quite pure (m. p. 50 — 54° 
with incipient softening at 40°; pure l-ethyl-2-quinolone melts at 
53— 55'5°), but analytically pure ethylquinolone was easily isolated 
from it, and it was evident that far more quinolone had been pro- 
duced than could possibly have been derived from the 11 per cent. 


* The production of ethylquinolone by the oxidation of pinacyanol 
by potassium ferricyanide was observed by 0. Fischer ( loc . cit). 
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of the first quinaldine residue unaccounted for as quinaldinic acid 
ethyl nitrate. It must therefore have been formed mainly fr crr) 
the second quinaldine residue present in pinacyanol. That this 
second quinaldine residue should be split off on oxidation as 1 -ethyl. 
2-quinolone shows that the quinoline nucleus contained in it must 
be attached to the rest of the molecule through the 2-position. 
More precise conclusions can scarcely be drawn from this fact, for 
oxidation with alkaline ferricyanide is not fitted to decide more 
delicate points of constitution; for example, Decker and Remfry 
{her., 1905, 38, 2773) have shown that quinaldine alkyl iodides 
are converted by this reagent into the corresponding quinolones. 
The action of potassium permanganate on pinacyanol acetate in, 
aqueous acetone solution at 0° was therefore studied (compare 
Mills and Wishart, this vol., p. 579). The permanganate was 
added gradually, and the end of the reaction was sharply marked 
by the persistence of the permanganate colour after a quantity 
corresponding with 4 ’8 atoms of oxygen to one molecule of pina- 
cyanol had been added. Oxidation under these conditions brought 
about the fission of the pinacyanol molecule, with the production 
of l-ethyl-2-quinolone. The quantity of pure substance isolated 
amounted to 79 per cent, of that theoretically obtainable from one 
quinaldine residue. The other product was exceedingly soluble 
and showed the behaviour of a quaternary salt. When boiled with 
dilute nitric acid, it gave quinaldinic acid ethyl nitrate, but the 
oxidation did not proceed smoothly, and the quantity of the nitrate 
isolated was only 25 per cent, of the theoretical yield from ball 
the pinacyanol molecule. These observations, especially when con- 
sidered in relationship to the action of potassium permanganate 
on diraethyUmcyanine acetate (Mills and Wishart, loc. cit), 
indicate that whilst oxidation with dilute nitric acid splits off from 
the pinacyanol molecule the quinaldine residue which contains the 
quinquevalent nitrogen atom (forming quinaldinic acid ethyl 
nitrate), potassium permanganate splits off, as ethylquinolone, that 
containing the tervalent nitrogen atom. It thus appears that the 
second quinaldine residue is present in pinacyanol in the form 


/\/\ 

I I 
\/\/ 


:c* . 


NEt 


(4) It has thus been shown that (i) the carbocyanine condensa- 
tion takes place between two molecules of quinaldine alkyl iodide 
and one of formaldehyde, and that (ii) the two quinaldine residues 
are both attached to the rest of the molecule through the carbon 
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atoms of their 2-methyl groups. The main reaction concerned in 
the condensation must therefore be 



/y\ /\/\ 

\/\/ CWi ' CH ^ H '\/\J +h ^° 

NEtX XEtN 

(VI.) 

. This is analogous to several well-known reactions in which one 
molecule of formaldehyde condenses with two molecules of a com- 
pound containing a group of similar reactivity to the 2-methyl 
group in quinaldine ethiodide (compare Knoevenagel, Ber., 1894, 
27 , 2345). 

In the alkaline reaction mixture, the hypothetical intermediate 
product, VI, would lose hydrogen iodide, forming the substance 


n 

A/- 

NEC 


/\/\ 

CH-CH,-CH s tJ I 

XEtN 

(VII.) 


/\/\ 

l I *0 

NEt 


/\/ 

:ch-ch:ch^ n 

XEtN ' 

(VIII.) 


VII, for the existence of reactions of this type is well established 
(compare Decker, Ber., 1905, 38 , 2493). 

YIl is, however, not a possible formula for a substance as 
intensely coloured as pinacyanol. From analogy to other basic 
dyes, the saturated and the unsaturated nitrogen atoms in this 
compound must be connected by a chain of conjugated unsaturated 
linkings. There are reasons which make the presence of an 
ethylenic linking between the carbon atoms 9 and 10 exceedingly 
probable, and therefore we assign to pinacyanol the formula VIII. 
These reasons are, first, that in the closely related ?$ocyanine con- 
densation a similar oxidation, involving the removal of two 
hydrogen atoms, occurs,* and, secondly, as has already been pointed 
out., that the great readiness with which pinacyanol can be oxidised 

* The two hydrogen atoms by which formula VII differs from VIII 
would be unusually reactive on account of their respective positions 
relative to unsaturated linkings, and would therefore be readily removable. 
That the carbocyanine condensation involves a process of oxidation would 
also explain why a larger yield of sensitiser can be obtained from a given 
quantity of quinaldine ethiodide when the condensation is carried out in 
presence of quinoline ethiodide ; the latter probably gives rise to substances 
which serve to take up this hydrogen. 
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to quinaldinie acid ethyl nitrate is scarcely to be accounted f or 
unless an ethylenic linking is present in this position. 

There is a somewhat remarkable reaction of pinacyanol, which 
is probably dependent on the presence of this unsaturated three- 
carbon chain uniting the two quinoline residues. If a solution of 
the nitrate of the dye in dilute nitric acid is carefully warmed to 
60°, the orange-red colour, to which reference has already been 
made, suddenly appears, and, on cooling the solution, a bright red 
compound crystallises. This is a quaternary nitrate, and analysis 
indicates that it is formed by the entrance, either by substitution 
or addition, of two nitro-groups into the pinacyanol molecule, 

Since on oxidation it gives, like pinacyanol itself, quinaldinie 
acid ethyl nitrate and l-ethyl-2-quinolone, both nitro-groups must* 
be attached to the 3 -carbon chain connecting the two quinoline 
residues, unless, as is less probable, one of them is in the 2 '-position. 
This reaction, which does not take place in the presence of carb- 
amide, accordingly recalls the action of nitrogen peroxide on 
quinoline-yellow (Eibner and Lange, Annalen, 1901, 315 , 342), 

^>c:ch-c # h 6 n+2N0, = 9J>C(N0 s ).CH(N0 2 ).C 9 H ( N 


and the stability of this pinacyanol derivative, in comparison with 
Eibner and Lange’s additive compound, would indicate that it is 
a substitution derivative. 

(5) According to this view of the constitution of the carbo- 
cyanines, they stand in an interesting relationship to the cyanines. 

The cyanines can be regarded as consisting of a 1-alkylquinolenyl 
radicle united through the methenyl group !CH- to a univalent 
residue of an alkylquinolinium salt. Since the union can take place 
from a 2- to a 2'-position, a 4- to a deposition, or from a 2- to i 
^-position, there are three types of cyanines: 


ryvrn 
\/\/- CH \/\/ 
NR NRX 
(I) 


RN. 


O O 

/ \ch/ Nnrx 


\_y 


:ch-< 

(ii.) 


XRN< 


/ \ 


oh; 


Y x i 

,/\/ 

NR 


(HI.) 


The dyes of type II are the true cyanines, those of type III are 
the tsocyanines. Dyes of type I are at present unknown in the 
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quinoline series, but the compounds obtained by Hofmann ( Ber ., 
1887, 20, 2262) by the action of ammonia on a mixture of the 
alkyl iodides of benzothiazole and 1-methylbenzothiazole are so 
closely analogous to the isocyanines in the method by which they 
are formed and in their properties that they undoubtedly possess 
the constitution 

c 6 h ( <^>c:c h -c<|>c 6 h 4 , 

/\ 

R I 


and thus are representatives of this class. 

According to the constitution now assigned to the carbocyanines, 
they are cyanines of class I, in which the carbon chain connecting 
the two quinoline nuclei has been lengthened by the introduction 
of the group ■CH1CH-. The great resemblance between the carbo- 
cyanine and the cyanine dyes thus finds a simple explanation, and 
the deeper colour of the carbocyanines, compared with the reddish- 
purple of the cyanines of the benzothiazole series, is associated with 
the lengthening of the chain of conjugated unsaturated linkings 
which connects the two nitrogen atoms. 

Corresponding with the three types of cyanines, the following 
three classes of carbocyanines should be capable of existence : 


X)™00, 

NR 


\_/ \_/ 

mix' 7 KN \ ^>:ch-ch:ch-<^ ^nrx 

(R) - (ii.) ~ 

/~\ 

y_/ /\/\ 

rn-( ^J>:ch-uh:cH'I^ 

(in') 


NEX 


Thus, in addition to the dyes of the type of pinacyanol (P), it 
should be possible to prepare compounds of the formuke IP and 
IIP, which would probably prove to be dyes possessing powerful 
photo-sensitising properties similar to those shown by the rest of 
this group of compounds. 


Exp er imental. 

Composition of 1 : V-Ditthylcarbocyaninc Salts. 

1 : P-Diethylcarbocyanine iodide, prepared, as described by Pope 
and Mills ( loc . cit.), by the action of formaldehyde and alkali on 
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a mixture of quinaldine ethiodide and quinoline ethiodide, after 
having been crystallised five times from methyl alcohol and dried 
to constant weight at 145°/20 — 30 mm., was found, on analysis by 
the Carius method, to contain 1 = 26-60 per cent. The iodide pre. 
pared from quinaldine ethiodide alone was found in two analyses 
to contain I = 26'61 and 26-68 per cent. The iodide pre. 
pared from quinaldine ethiodide and quinoline methiodide gave 
1 = 26-53 and 26'54 per cent. The mean of these values, which are 
probably slightly too high, on account of occlusion of silver nitrate 
by the silver iodide, is 2659* (C^H^N.,1 requires 1 = 26-43; 
Fischer's formula, requires I =27'23 per cent.). 

1 : l'-Diethylcarbocyanine bromide, after drying to constant 
weight at 140°/20 — 30 mm., was found to contain Br= 18-49 and 
18'53 per cent, in two experiments carried out by Mr. J. E. G. 
Harris. These analyses, to which, on account of the accuracy of 
the Carius method for the estimation of bromine, we attach especial 
importance, give a molecular weight of 432 for the bromide (corre- 
sponding with a molecular weight of 479 for the iodide) 
(CjjH^NoBr requires Br = 1845; Fischer’s formula, CyHjjNjBr 
requires Br= 19-06 per cent.). 

Combustion of the dried bromide gave results in excellent agree- 
ment with the formula C., 5 H a N 2 Br (Found: C = 69'18; H = 5'83; 
N = 6-55. Calc.: C = 69-26; H = 5-82; N = 6'47 per cent.). 

Oxidation of 1:1 '-DUthylcarbocyanine Bromide with Nitric Add. 

1 : l'-Diethylcarbocyanino bromide (2 grams) was boiled under 
reflux with a mixture of nitric acid (D 142; 40 c.c.) and water 
(40 c.c.). Nitrous fumes were evolved, and the liquid rapidly 
became orange-red, but the colour gradually disappeared, and, 
after about one hour’s boiling, the liquid became colourless.-) The 
liquid was then evaporated, first on the water-bath and finally over 
sulphuric acid under 2 mm. pressure. The residuo was treated 
with water, and a small quantity (about 01 gram) of undissolved 
material was removed by extraction with chloroform. The aqueous 
layer was again evaporated on the water-bath, and finally in a 
highly exhausted desiccator over sulphuric acid. The residue 
gradually solidified, and, by trituration with a little acetone, an 
almost colourless, crystalline solid was readily isolated. After 

* These analyses were carried out by one of us and Mr. F. H. Jeffery. 

t During this operation a small quantity of a heavy volatile oil with 
a pungent odour resembling that of cbloropicrin appeared in the condenser. 
The amounts obtained were insufficient to enable the substance to be 
identified, but it contained nitrogen and bromine and was possibly bromo- 
nitromethane. 
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recrystallisation from absolute alcohol, it melted and decomposed 
at 109°. 

The following observations show that this compound is quin- 
aldinic acid ethyl nitrate : 

(i) It is a nitrate. An estimation of the N0 3 radicle by 
"nitron” gave N0 3 = 23 j 6. C 12 H K 0 2 N-N0 3 requires NO s =23-5 
per cent. (Found: N = 10'8. <I,,H, 2 0 5 N 2 requires N = 10'6 per 

cent.). 

(ii) Although a quaternary ethyl nitrate (as shown by its con- 
version into ethylquinolone on oxidation and its behaviour with 
excess of alkali), it was strongly acid, and could be sharply titrated 
with alkali and phenolphthalein, -and therefore contained a 
carboxyl group (Found : CO 2 H = 17 05. C u II u 0 3 N 2 -C0 2 H requires 
C0 a H = 17'04 per cent.). 

(iii) Its conversion by alkaline ferricyanide into ethyl-2-quinoI- 
one shows that the carboxyl group was in the 2-position. An 
aqueous solution of the nitrate (0 5 gram) was slowly dropped into 
a solution of potassium ferricyanide (6 grams) in 5 per cent, sodium 
hydroxide (60 c.c.) maintained at 0—5°. The resulting liquid was 
extracted with ether, and the residue left on evaporation of the 
ether, after drying with potassium hydroxide, was pure l-ethyl-2- 
quinolone. Its melting point, 53— 55 5°, was identical with that 
of a specimen of ethylquinolone, prepared for comparison by 
oxidising quinoline elhiodide, and a mixture of the two specimens 
melted at the same temperature. The weight of quinolone obtained 
was 0'27 gram, or 82 per cent, of the theoretical amount. 

The material from which the quinaldinic acid ethyl nitrate had 
been separated by means of acetone was then examined. It was 
left, after evaporation of the acetone, as a clean, brown oil, which 
was excessively soluble in water, alcohol, or acetone. It was 
investigated in various ways, such as by crystallisation of the 
platinichloride, without much further information being gained, 
it was therefore oxidised with alkaline potassium ferricyanide. 
lhe material obtained from 2 grams of diethylcarbocyanine 
bromide by oxidation with dilute nitric acid, and subsequent 
removal of the quinaldinic acid ethyl nitrate, was dissolved in 
water, a small quantity of insoluble matter being removed by 
filtration, and the liquid was dropped into a solution of potassium 
ferricyanide (8 grams) in 5 per cent, sodium hydroxide solution 
at 0 5°. The quinolone produced was extracted with ether and 
dried with potassium hydroxide. 

The material from three such experiments was united and dis- 
tilled under 2 mm. pressure from an oil-bath at 155 — 168°. The 
distillate was a colourless oil, which solidified to crystals melting 
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at 50 — 54°, with previous softening at 40°. It was therefore not 
quite pure, and was recrystallised from light petroleum. It then 
melted at 50 — 54-5°, and was shown by its general characters and 
analysis to be l-ethyl-2-quinolone (Found: N = 8’3. Calc. : N=8q 
per cent.). 

The quantities obtained in these experiments were as follows, 
By the oxidation of 6 grams of 1 : l'-diethylcarbocyanine bromide, 
C^H^NgBrjCHjjOH, 3'03 grams of quinaldinic acid ethyl nitrate 
were obtained. This melted at 107 — 108°, and was pure (Found: 
C0 2 H = 17*2; NO a =23-6. Calc.: CO 2 H = 17’04; N0 3 = 23'5 per 
cent.). This weight is 89 per cent, of that theoretically obtainable. 

The weight of crude l-ethyf-2-quinoIone obtained was 1*64 grams, 
The weight of redistilled material was 1'35 grams, which is 60 per 
cent, of the weight of quinolone theoretically obtainable from 
one quinaldine nucleus in the pinacyanol taken. The weight of 
recrystallised material from which the sample for analysis was 
taken was 0'76 gram. 

Oxidation of l:V-Diethylcarbocyanine Acetate with Potassium 
Permanganate. 

To prepare the acetate, a solution of 1 : l'-diethylcarbocyanine 
bromide (4 grams) in boiling rectified spirit (450 c.c.) was treated 
with a hot saturated aqueous solution of silver acetate (1’44 grams), 
The residue obtained after evaporating the filtrate from the pre- 
cipitated silver bromide was dissolved in a mixture of acetone 
(450 c.c.) and water (450 c.c.). Into this solution, which was 
mechanically stirred and kept at 0 — 5°, 140 c.c. of a solution of 
potassium permanganate containing 3-16 grams per litre were 
slowly dropped, an end-point having been reached when 137 cc. 
had been added. The red filtrate, which was neutral to litmus, 
was extracted with ether after evaporating the acetone under 
diminished pressure. The brown, ethereal extract was shaken 
with very dilute hydrochloric acid, which extracted some tarry 
matter (0-18 gram), leaving an almost colourless solution, This 
was dried with, potassium hydroxide and then evaporated; the 
residue (1'26 grams), which soon crystallised, melted at 45 — 50 ° 
When distilled under diminished pressure, this gave a colourless 
distillate of pure l-ethyl-2-quinolone (melting point, 52—55°; 
melting point of a mixture with pure l-ethyl-2-quinolone, 52 — 55 °) 
(Found: C-76T; H = 67. Calc.: C = 763; H = 6‘4 per cent.). 
The weight of the distillate was T18 grams, which is 79 per cent, 
of the theoretical yield. 

The aqueous solution left after extraction of the ethylquinolone 
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n-as acidified with hydrochloric acid, evaporated, and the residue 
then treated with absolute alcohol to separate the organic matter 
from potassium chloride. 

The brown material left after evaporation of the alcohol was 
boiled for thirty hours with 140 e.c. of dilute nitric acid (D 1-2), 
and the solution was then examined in the same way as that 
obtained by oxidising diethylcarbocyanine bromide with nitric 
acid. 

The weight of quinaldinic acid ethyl nitrate obtained was O’ 61 
gram, or 27 per cent, of the theoretical amount, and further 
oxidation of the residual material with alkaline ferricyanide gave 
0'M gram of ethylquinolone, equivalent to 31 per cent, of the 
theoretical yield from the original diethylcarbocyanine acetate. 


The Bed Salts obtained by the Action of Nitric Acid on 
l : V -Diethylcarbocyanine Salts. 

1:1 '-Diethylcarbocyanine bromide (1 gram) was dissolved in 
dilute nitric acid by warming to 40° with a mixture of 4 e.c. of 
nitric acid (D 1 '42), previously boiled to expel oxides of nitrogen, 
and water (16 c.c.). The bromine was then exactly precipitated 
with silver nitrate, and the blue or green filtrate, containing tho 
nitrate of the dye, was warmed to 60—65°, when the liquid 
suddenly turned orange, and red crystals began to separate. Tho 
liquid was cooled to 0°, and the crystals were collected. By boil- 
ing the filtrate a short, time and cooling to 0°, a further yield was 
obtained, and the process of boiling the filtrate and cooling was 
repeated as long as fresh quantities of crystals separated; 13 grams 
of 1 : l'-diethylcarbocyanine bromide thus treated gave 7 36 grams 
of the red crystals. The yield is less if larger quantities of carbo- 
tyanine than 1 gram are taken. 

The reaction is dependent on the production of oxides of 
utrogen. If commercial nitric acid, not previously boiled, is 
employed, the colour change takes place considerably below 60°. 
On the other hand, if carbamide is added, the mixture can be 
boiled without the formation of the red salt. This red salt is a 
quaternary nitrate. To obtain a compound which could be more 
accurately analysed, it was converted into the corresponding 
bromide by dissolving in boiling water and adding the solution 
an equal volume of a hot concentrated solution of potassium 
bromide. The red bromide began to crystallise from the hot solu- 
tion, and separated practically completely on cooling. This treat- 
ment with potassium bromide was then repeated three times, and 
tie product was finally recrystallised from hot water. 
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For analysis, it was dried at 50°/ 20 — 30 mm. The 
material melted and decomposed at 201 — 202° (Found: G = 50-7^ 1 
56*65; H=4-80, 4*58; N = 10’52, 1073; Br=15-37, 15-37, 
C^H^O^Br requires C = 57*4; H = 4*42; N = 107; Br^lo?; 
per cent. Loss on drying: 6*92, 7*75. C 25 H 23 0 4 N 4 Br,2B,() 

requires H 2 0 = 6 9 per cent.). 

Oxidation of the Red Nitrate .— One gram was boiled with 
mixture of 10 c.c. of nitric acid (D l 1 42) and water (10 c .c j 
Oxides of nitrogen were evolved, the colour slowly faded, a ^| 
after boiling under reflux for six hours, a pale yellow liquid ^ 
obtained. This liquid was treated in the same way as the simile 
solution obtained by oxidising diethylcarbocyanine bromide 
dilute nitric acid (p. 1558), and the same products, nameh. 
quinaldinic acid ethyl nitrate and l-ethyl-2-quinolone, wer» 
similarly isolated. From 4 grams of the red nitrate, correspond. • 
ing with 3'95 grams of anhydrous substance, were obtained 15] 
grams of quinaldinic acid ethyl nitrate (73 per cent, of th 
theoretical quantity) and 0‘84 gram of ethylquinolone melting « 
52 — 53° (62 per cent, of the theoretical quantity). 

Corresponding experiments were carried out with the bromide. 
This salt was much more rapidly attacked by the dilute nitric acid, 
the bromine present evidently assisting the oxidation, and tie 
volatile, heavy oil, to which reference has already been made 
(p. 1558), appeared in the condenser, otherwise the products oi 
oxidation were the same. Quinaldinic acid ethyl nitrate aid 
l-ethyl-2-quinolone were obtained in quantities corresponding with 
93 per cent, and 60 per cent., respectively, of the theoretical 
amounts. 

One of us (F.M.H.) is indebted to the Department of Science 
and Industrial Research for a grant, for which she desires to 
express her thanks. 

University Chemical Laboratory, 

Cambridge. [Received, OctoberfSOth, 1920] 
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CLXXII . — The Coagulation of Gold Hydrosols by 
Electrolytes. The Change in Colour , Influence of 
Temperature, and Reproducibility of the Hydrosol. 

By JS'ANENDBA Nath Mukherjek and Basil Constantine 
Papaconstantinou. 

In view of the results obtained by one of us (this vol., p. 350) 
with arsenious sulphide, it was thought desirable to investigate 
the influence of temperature on the precipitation of gold sols. In 
the course of this work it was found necessary to examine the 
reproducibility of the sols prepared by Zsigmondy’s nucleus 
method. A spectrophotometric study of the changes in colour on 
coagulation has been made, and this has been utilised to measure 
the rate of precipitation. 


Preparation of the. Hydrosol. 

All the sols were prepared by Zsigmondy’s nucleus method. 
The specific conductivity of the water obtained from a pure tin 
condenser varied from 2 x 10“° to 3 x 10“ 6 mhos, at 15°. 

The nucleus solution was prepared as follows : 

To 100 c.c. of pure water in a resistance-glass beaker were added 
2 c.c. of a solution of chloroauric acid containing 6 grams of the 
acid in a litre, followed by 6 c.c. of a N/ 18-solution of pure 
potassium carbonate. Five c.c. of a saturated solution of phos- 
phorus in ether were diluted to 100 c.c. with pure ether, and the 
solution was added to the gold solution gradually — a few drops at 
a time. After each addition the solution was stirred, and this 
was continued until a deep chocolate colour was produced. It was 
then heated, and a “ red ” sol resulted. 

To prepare the hydrosol proper, 2 c.c. of the chloroauric acid 
solution were added to 100 c.c. of water, followed by 6 c.c. of the 
potassium carbonate solution. The mixture was then heated to 
boiling, and 4 c.c. of the nucleus sol were added, followed by 
4 — 5 c.c. of a 0’03 per cent, solution of formaldehyde. The ruby- 
red sol which was formed was boiled for a minute. 

The hydrosols obtained in this way have all the properties of 
the best solutions prepared by Zsigmondy. In the cardioid ultra- 
microscope, the hydrosols show mostly green particles with a few 
brown ones. The sols contain 0’067 gram of gold per litre. 
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The Colour Changes in a Gold Hydro sol on the Addition of an 
Electrolyte. 

Zsigmondy ( Annalen , 1898, 301 , 46) studied the colour changes 
qualitatively only. In the numerous subsequent researches on 
the optical properties of gold sols, the change in the absorption on 
coagulation has not been examined. 

The changes in colour were observed with a Konig-Martens 
spectrophotometer. The changes in the colour from red to blue 
on the addition of an electrolyte are mainly a result of a change 
in the absorption-coefficient of red and violet rays. The change 
is greatest in the red region. There is a limiting value of the 
absorption-coefficient corresponding with the blue colour of the 
sol, and these limiting values are independent of the nature of the 
electrolytes used. The coefficients were calculated from the 
equation 

£=ff l/2 . 3 OS,* log,, 

(Hildebrand, Zeitsc h. Elektrochem., 1908, 14 , 349). 

In studying the precipitation, equal volumes of sol and electro- 
lyte were mixed. The coefficients for the pure sol refer to that 
for the sol diluted witli an equal volume of pure water. The 
electrolytes used were potassium chloride, sodium chloride, barium 
chloride, potassium nitrate, strontium nitrate, and potassium 
sulphate. 

The results are given in Fig. 1, and are the mean of observa- 
tions with different samples of sols and different electrolytes. The 
wave-lengths are correct within + lpp. It. is interesting to note 
that in the region near 523 pp there is scarcely any change in the 
absorp tion - co efficient. 

It will be seen later that the results obtained for the absorption 
of light by the hydrosols, prepared under exactly similar conditions, 
differ a little among themselves except in this region, which is 
close to the spectral region, where the absorption is at a maximum 
(near 506 pp) (compare Ehrenhaft, Ann. Physik , 1903, [iv], 11, 
489). 

Assuming the particles in a gold sol to be spherical and that 
there are many particles to a wave-length of light, Garnett 
(Phil. Trans., 1904, [A], 203, 385; 1906, [A], 205 , 237) 
deduces that the maximum of absorption should be for 
light of wave-length 533 pp. Mie (Ann. Physik , 1908, [iv], 
25 , 377) also deduces from his theory that the maximum 

* 05 = the angle for water or electrolyte solution alone. 
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of the pure (corrected) absorption lies in the region 525 to 550 [ip. 
He further shows that for spherical particles the region of maxi- 
mum of absorption does not vary with the size of the particles, 
although the value of the absorption-coefficient depends on the size. 
According to these theories, the colour of a gold sol by trans- 
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Wave-lengths in py. 

I. Hydrosol diluted with water. 

II- „ mixed with electrolyte . 

III. Nucleus sol dilute with water. 

IV. Hydrosol mixed with electrolyte. 


milled light is the result of two properties of the gold particles or 
aggregates: 

(1) Minute, spherical gold particles have a fairly well-defined 
maximum of absorption in the green. Reflection in the ordinary 
sense is very weak in this case, and the colour is due to the absorp- 
tion of the green light, which is the colour of the light scattered 
most strongly by these particles. 

(2) With increasing aggregation, as the size becomes comparable 
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to the wave-length of light there is increasing re6ection. When 
the size becomes sufficiently large, the optical discontinuity 0 f the 
medium becomes manifest as a turbidity. As is to be expected 
from the properties of metallic gold, red and yellow rays are 
mostly reflected, and the transmitted light becomes corresponding^, 
weaker in the red and yellow. ' 

The observed constancy of the absorption-coefficient therefore 
indicates two possibilities, namely: (1) The reflection of green light 
is relatively small for gold (47-3 per cent, for 500^). pv 
minute particles in a gold sol scatter green light almost completely 
and the part played by reflection is negligible. The formation of 
clusters, therefore, may be taken not to affect the absorption. 

(2) It is possible that the change in scattering is counterbalanced 
by that due to reflection with the progress of aggregation. Garnett 
remarks that " when the particles are not sufficiently thickly 
distributed to satisfy the condition of there being many particles 
to a wave-length of light ... the absorption that we have in- 
vestigated is therefore not present” (Phil. Trans., 1904, [4J, 203 
402). Indeed, it is found that, on coagulation, the intensity of the 
blue light (500 pp) diminishes for the sol. This is in accordance 
with the theories mentioned, as neither of them leads to the 
expectation of a constant absorption on aggregation. The 
theoretical aspect is further complicated by the fact that the shape 
of the aggregate has to be considered. 

However, the observed constancy is striking, as it coincides with 
the region of maximum absorption deduced by Garnett and Mie 
from the properties of metallic gold. 

It is possible that the scattering of green light is a characteristic 
property of the gold atom, and is independent of cluster formation. 


The Measurement of the Rate of Coagulation with the 
Spectrophotometer. 

The change in absorption on coagulation is great in the red 
region, and it has been utilised to measure the rate of precipitation 
at the ordinary temperature. The reciprocal of the time required 
to reach the limit of at Sorption is a measure of the rate of coagula 
tion. As a characteristic change in the sol itself is utilised, this 
method has an advantago over others dependent on an arbitrarily 
selected stage of change. For the fine sols used in this work, the 
direct method of determining the rate of decrease in the number 
of particles is not possible with ordinary ultramicroscopes 
(Zsigmondy, Zeitsch. physical. Chem., 1918, 92, 600). 

This simple spectrophotometric method can be used with a suit- 
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ble ultramicroscope with economy of labour and time. The 
umber of particles corresponding with the absorption-coefficient 
alues can be determined by the ulLramicroscope, and their mutual 
elationship can be utilised to substitute the spectrophotometer for 
lie tedious ultramicroscopic work. This is possible for the whole 
a nge of changes in colour from red to blue, but is not applicable 
■hen the limit of absorption has been reached. 

The influence of the concentration of an electrolyte has been 
allowed with the spectrophotometer for potassium chloride, 
totassium sulphate, potassium nitrate, and barium chloride. The 
a ean results of three observations are given in tables I— HI. 
;he absorption-coefficients are for light of wave-length 683 
he observations show that for low concentrations of an electrolyte 
lie “ limiting ” values of absorption are not reached, and coagula- 
ion practically stops at a certain stage. 


Table I. 

Electrolyte: Potassium Chloride.. 



Absorption-coefficients for 

various 

’ime in minutes after mixing 


concentrations. 


Kjual volumes of electrolyte. 

, 


N 

and sol. 

Nj 24. 

tf/26. 

Nj2S. 

— 

0-0453 

0-0453 

0-0453 

0-5 

0-3732 

0-2867 

0-1683 

1 

0-438 

0-3630 

0-2257 

1-5, 

0-4497 

0-4046 


2 

— 

0-438 

0-2777 

3 

— 

0-4497 

0-3431 

5 

— 

— 

0-3836 

9 

— 

— 

0-4263 

13 

— 

— 

0-438 

15 

— 

— 

0-4497 


Table II. 
Potassium Nitrate. 


Concentration. 


Time. 

0-5 


2 

3 

4 

5 
8 

10 

16 


JV/24. 

00453 

0-3336 

0-4263 

0-4497 


Nj 26. 
0-0453 

0-2866 

0-3271 

0-3629 

0-4156 

0-438 

0-4497 


Nj30. 

0-0453 

0-269 

0-3143 

0-3336 

0-3732 

0-394 

0-4263 

0-438 

0-4497 
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Table III. 
Barium Chloride. 


Time. 0-852N/900. 
— 0-0453 

1 0-2257 

2 0-2867 

4 0-3529 

5 0-3836 

7 0-438 

8 0-4497 

9 0-4497 

11 — 

13 — 

16 — 


0-852^/1100. 
0-0453 
0-1603 
0-2007 
0-2687 
0-3051 0-3051 

0-3431 0-3237 

— 0-3336 

0-3836 0-3529 

0-4263 0-363 

0-4497 0-363 

— 0-3732 


Concentration. 


0-852^/1000. 

00453 


These experiments were carried out within a short interval ajj 
with the same sol. There is scarcely any difference between tie 
coagulating effects of the three potassium salts. Smoluchowski 
( Zeitsch . physikal. Chem., 1917, 92, 129) has deduced the follow, 
ing equation for Lhe rate of decrease in the total number of 
particles : 


where n is the total number of particles in unit volume just after 
mixing the sol with the electrolyte (zero time), n t is the number 
at time t (second), and T is characteristic of the rate of coagulation, 
Zsigmondy finds that when the minimum coagulation-time to 
been reached, two particles, on coming in contact as a result- oi 
their Brownian movement, are held together by forces of cohesion. 
The work of Westgren and Beitstottcr ( Zeitsch . physikal. Chm, 
1918, 92, 750) lends support to this, as all these authors find tint 
the radius of the effective sphere of attraction (as defined by 
Smoluchowski) is nearly equal to twice the radius of the particles. 
Under these conditions, 

{•)] 

4 Rdnt w 

where r\ •= the viscosity of the solution. 

B =the gas constant. 
iV fl — the Avogadro number. 

0 = the absolute temperature. 

e = the fraction of mutual collisions between the particles 
which result in a stable union. 
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for a constant value of n t =n', it is evident that 

€ , t ~ constant (3) 


The reciprocal of the times for a definite change is thus directly 
proportional to the fraction of collisions which result in coalescence, 
a nd hence measures the rate of coagulation. The data obtained 
on the influence of concentration will be discussed on another 
occasion. The equations given above will be discussed later when 
dealing with the influence of temperature. 

The Influence of Ton pc ml are. 

The method used by one of us ( loc . c/7.) was adopted. The 
^•eat variation in the colour of a ruby-red gold sol makes it suit- 
able to use a definite shade of violet-red or bluish- violet for 
comparison. Standards for comparison were made by arresting 
the colour-change at a selected stage with gelatin, and, with care, 
perfectly reproducible standards can be prepared. The times 
necessary for the sol to change to the colour of the standard are 
given below. 

Table IV. 

Electrolyte : 0‘852N /1000-.ZJV/ /•*«/// Chloride. 

Violet. Blue. 

L II. L. II. 

Sol. A G min. 0 min. 29 min. 29 min. 

Sol. B 2 min. 2 min. 26 sec. 10 min. 45 sec. 10 min. 30 sec. 

The results are the mean of six observations taken separately 
by each of us. Sol B was obtained by boiling sol A for a few 
minutes and then cooling. It will be seen that t lie boiling produces 
a change in the sol. 

The concentration of the electrolyte used for producing the 
change ill the colour should be such as will bring about a slow rate 
of precipitation. About 2 c.c. of a 2 per cent, gelatin solution 
(liquid) were added (o 10 c.c. of the sol-electrolyte mixture. The 
sam ® standards remain satisfactory for ten to twelve days. "Wide 
test-tubes were used to secure a suitable depth of colour. As is 
w "ril known, ruby-red gold sols are ex(remely sensitive to impuri- 
ties. Reproducible results can only be obtained if the vessels are 
cleaned with sufficient care. The glass vessels were washed with 
conductivity water after the usual cleaning with hot chromic acid 
and distilled water. The test-tubes were washed with boiling dis- 

VOL. CXVII. 3 m 
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lilled water (after chromic acid had been used), then with con. 
ductivity water, and finally by passing steam derived from 
conductivity water. They were then dried in a steam-oven. There 
is a noticeable difference between cleaning with distilled water 
and conductivity water. Table V illustrates the reprodueibilitv 
of the results. 

Table V. 

N/1000-*S7rowf/w?/i Xitrate. 

Observations. 

1. 2. 3. 4. 5. 0. 

Times. Min. See. Min. Sec. Min. Sec. Min. Sec. Min. Sec. Min. See. 

Violet... 1 10 1 0 1 11 1 13 1 0 1 \-i 

Blue ... 5 45 5 48 5 30 5 30 3 30 6 0 


In each case, three to five readings were taken. With all these 
precautions, at times discordant results were obtained, which were 
probably due to the occasional presence of particles of dust. The 
agreement between the different observations and the appearance 
of the characteristic blue colour is the surest indication of the 
absence of impurities. With long intervals, it is difficult to avoid 
dust. A slow change in colour is also much less easily perceptible 
to the eye. For these reasons, it was found suitable to use con- 
centrations of electrolytes which change the colour to blue within 
an hour. As different standards were used, they are indicated as 
T r j, Vu, etc., for violet standards, and in a similar manner for blue 
standards. 


Electrolyte. 

N /30-potassium chloride 
N /30- „ sulphate 

/30- 


Table VI. 

Stan- ✓ 

dards. 1 5°. 

V Sol. C. 5 min. 

„ Sol. I). 30 sec, 

,, „ 42 sec. 


Temperatures. 


30°. 50°. 

10 rain. 8 min. 30 sec. 
10 sec. 10 sec. 

18 sec. 12 sec. 


Table VII. 


Elect nv./te. : finriutn f.' Ill or ole. Sol E. 


Temperatures. 


Concentra- 

tion. 

ft tan - 
Uards. 

15°. 

30°. 

40°. 

50°. 

0-852A T /I000 

F. 

7 min. 

0 min. 

4 min. 50 sec. 

4 min. 20 see. 

0-852A/1000 

B\ 

34 „ 

23 

— 

13 min. 30 sec. 

0-862AT/1200 

u 

23 „ 

13 „ 

12 min. 30 sec. 

G min. 15 ^ 

0-852^/1200 

B, 

124 „ 

74 „ 

G2 min. 

— 
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Taule VII l. 

Electrolyte: Strontium Xitrate. Sol F. 

Temperature. 


Concentration. Standards, 15°. 30°. 50°. 

i' f IOOO v, 1 min. 10 sec. 20 sec. 8 sec. 

i/1000 8 min. 15 sec. 1 min. 40 sec. 45 sec. 


With barium chloride and strontium nitrate there is a distinct 
n crease in the rate of coagulation with rise of temperature. 
Potassium chloride has been examined at different concentrations, 
temperature has a relatively small effect in the case of the 
jotassium salts. With potassium chloride, both an increase and a 
lecrease ill the coagulation times have been observed with rise of 
emperature. This behaviour is similar to that observed by one 
if us in the case of arsenious sulphide sols and aluminium sulphate, 
[he effect of temperature is also dependent on the concentration 
if the electrolyte. 

Weslgren ( Arkiv . Kem. Min. Geol., 1918, 7, No. 6) has found 
hat, in the case of coarse gold sols, sodium chloride and hydro- 
hloric acid show an increase in the rate of precipitation with rise 
n temperature. With sodium hydroxide, he found no change in 
he rate with rise of temperature. From equations (1) and (2), if 
and n> have the same values, we have 

= k, a constant (51 

7 ) V ' 

here i = 3,1 -“'3 

4 n . n' 1! 

torn equation (5), the variation in t can be calculated. If e 
-mains constant, we have 

ts 

— = constant (6) 

7 

iat is, the times are proportional to the values of at different 

V 

mporatures. At 15°, 30°, 40°, and 50°, V has the values 

0 

% x 10~ 5 , 33 x 10 -5 , 2‘1 x 10 -5 , and 1-7 x 10' 5 respectively. 

The results with hydrosols of gold and arsenious sulphide show 
Iat e va nes with temperature, and that the variation is deter- 
med by the nature of the electrolyte. For any given concen- 
ahou an electrolyte, e measures its coagulating power. On 
16 Sorption theory, the coagulating power of an ion is deter- 
1,ie( l by its adsorbability. In order to explain the results on the 

3 ar 2 
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adsorption theory, it must be assumed, as pointed out previously 
I hat the adsorhabilify of an ion depends on (ho temperature (thj. 
vol., p. 350). 

The Reproducibility of the H ydrosoh prepared by the Xiickut 
Method. 

In the course of this investigation, it was noticed that these 
sols, even when prepared under identical conditions, do not gh e 


0-0000 


0-5000 


0 4000 i 

c 

I 

o-sooo i 

t 

0-2000 ^ 


0-1000 


700 600 500 

Wave-lengths in ^ i. 

I. Upper limit of absorption. 

II. Lower limit of absorption. 

the same coagulation times. According to Zsigmondy, the sols are 
reproducible if the quality of the water is unchanged. We find 
that the various samples of gold sols (prepared in an identical 
manner) show small, but perceptible, differences in coagulation 
times, although they have constant gold numbers. This is due to 
the fact that the gold numbers are independent of the slight 
differences in (he quality of the sols. 
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Some twelve samples were prepared under the same conditions, 
all d the absorption and the coagulation times were compared. 
The latter are extremely sensitive to any change in the sol. The 
limits of variation in the absorption-coefficients will be evident 
ironi Kg- 2. 

It will be observed that the variation is least in the region 520 
to 540 pp- 

A sol, on keeping, undergoes somewhat irregular changes, which 
may in part be due to particles of dust getting in accidentally, 
and in part to Hi® fungus that grows in these sols. For this 
reason, it is necessary lo vary one factor only at a time and com- 
pare its effects. Table IX illustrates the variations, the same 
■violet” and “blue” standards being used. The times given are 
r he mean of three to five observations. The last column gives the 
lime that has passed since the preparation of the sol. The sols 
were kept in resistance-glass vessels. Sol I is an “old” prepar- 
ation kept for two months. It was boiled t wice during this interval 
lo prevent organic growths. 


Table IX. 


Electrolyte : 0'852N/T200 Barium Chhiritlc. 

Sol Cl. Sol H. Sol I. 


Standards. 

Min, 

Sec. 

Min. 

See. 

Age. 

Min. 

S'V' 

Violet 

... 3 

15 

3 

35 

2 days. 




„ 

... 2 

30 

8 

0 

3 „ 

11 

0 

.» 

... 1 

4 

6 

15 

4 „ 

12 

30 

M 


0 

H 

52 

5 

12 

30 

Blue 


45 

4 

to 

6 

12 

30 

... 7 

0 

6 

30 

0 


.. 

... 5 

45 

18 

0 

3 ,, 

22 

0 



... 4 

40 

19 

0 

•t 

30 

0 



... 9 

0 

22 

30 

5 „ 

30 

30 



... 9 

0 

14 

0 

0 „ 

33 

0 


Oil I, he other hand, reproducible results were obtained ill some 
instances. At the suggestion of Professor Donnan, the gold 
number of a number of soaps has been determined . The sols 
give, a constant gold number for the same soap solution. 

He desire to express our thanks to Professor F. G. Donuau, 
FR.8„ for his kind interest in this work, and also to Dr. J. C. 
frWll . 

Chemical Laboratory, 

University College, London. [Received, October 1 2 th, 1920.] 
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CLXXIII . — Studies in the Dihydronaphthalene Seriu 
Part I. The nr-Dihydro-a-naphthylamines and 
their Derivatives. 


By Frederick Maurice Rowe and Esther Levin. 


The investigation of the conditions governing the conversion 4 
o-naphthylamine into ar-tetrahydro-a-naphthylamine by the action 
of sodium and an alcohol carried out by one of us (T., 1918, H 3 
955; ,7. Soc. Dyers and Col., 1919, 35, 128) culminated in the 
proof that the first stage in the reaction is the formation ol 
5 : 8 -dihydro-a-naphthylamine, which undergoes isomeric changed 
the 5 : 6 - or 7 : 8 -compound, and that the latter is then reduced to 
the tetrahydro-derivative ( J . Soc. Chem. Ind., 1920, 39, 241t), 
thus : 


Nil, 

/\/\ 

I 1 I 

w 


H NH, 


H NH, 


/\/\ r/\/\ 


\/\/ 

H 


H NH, 



H 


There appears to be little doubt that the reason why ar-tetn- 
hydro-o-naphthylamine has been obtained in the past only when 
sodium and amyl alcohol have been employed for the reduction, 
and not when other alcohols have been used, is that the noraii 
conditions of the reaction have been suitable for the isomerisatioi 
of the intermediate 5 : 8 -dihydro-a-naphthylamine only in tie 
former case. The isomerisation, which is effected by heating nit! 
sodium alkyloxide, is influenced by both the factors of temperate:! 
and concentration of the alkali. 

There is an important difference in properties between 5 : 8 - and 
7 : 8 -dihydro-a-naphthylamine, for only the latter is reduced Is 
ar-tetrahydro-a-uaphthylamine by treatment with sodium anil 
ethyl alcohol in the absence of an indifferent solvent of high boil 
ing point. 

The present communication consists of a description of the mean 
employed for the isolation of the pure dihydro-a-naphthylamin!- 
the proof of their constitution, and the preparation of certain ol 
their derivatives. 

Owing to the close relationship between a-naphthylamino, ifs t™ 
dihydro-derivatives, and its f etraliydro-derivative, Ihe discovery 
of a suitable derivative of these bases which, by possessing aJ' ! ' 
tinctive crystalline form in each case, would afford a ready means 
of purification and characterisation, was highly desirable. 
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After a number of trials, it was found that the most suitable 
compound to prepare was the benzylidene derivative, which was 
readily obtained in a pure condition from each of the crude bases, 
and, moreover, by hydrolysis of the benzylidene derivatives, the 
bases were readily obtained in a pure state. 

The following table shows the difference in melting point and 
crystalline form exhibited by the four benzylidene derivatives : 


Benzylidene - a - naphthylamine. 

Small, pearly platoa. 

rn. p. 70 — 71 5 

Benzylidene -5:8- dihydro - a - 
naphthylamine. 

Massive, rhombic pyra- 
mids with brachy- 
domes and brachy- 
pinakoids. 

m. p. 69°. 

Benzylidene -7:8- dihydro - a- 

naphthyl aminOi 

Long crystals which 
aro a combination 
of a rhombic prism 
and pyramid with 
brachypinakoids. 

m. p. 64°. 

Benzylidenetetrahydro-a - naph- 
thylamine. 

Flat, rhombic prisms 
with brachypinakoids. 

in. p. 61-6°. 

The melting point of each of these compounds was 
admixture with any other. 

depressed by 


It should be noted that, although ar-tetrahydro-a-naphthylamine 
lias been frequently compared with o-2-xylidine in the past, as 
far as the formation of a crystalline benzylidene derivative is 
concerned, it is more strictly comparable with p-xylidine, as the 
isomeric xylidines form non-crystalline benzylidene derivatives. 
The benzylidene derivatives of the three hydrogenated bases readily 
form large crystals, and it is a simple matter to obtain well-formed 
crystals of these compounds weighing upwards of 1 gram each. 

Both 5 : 8- and 7 : 8-dihydro-a-naphthylamine condense with 
diazonium salts, with the direct formation of aminoazo-compounds, 
and they may also be diazotised and combined with amines or 
phenols, forming azo-dyes, which differ in shade from similar azo- 
dyes derived from o-naphthylamine or ar-tetrahydro-a-naphthyl- 
amine. The relation of the shades of similar azo-dyes produced 
from the four amines by the two different methods is shown in 
the following table : 


Naphthaleneazo-/?-naphthol Claret. 

5 : 8Dihydronaphtha!eneazo-/?-naphthol Red, rather bluer than 

Para-Red. 

' : 8-Dihydronaphthaleneazo-|S-naphthol Orange -red. 

Tetrahydronaphthaleneazo-/3-naphthol Orange. 

^■Sulphobenzeneazo-a-naphthylamine Reddish-brown. 

p-Sulphobenzeneazo-5 : 8 • dihydro - a - naphthyl- Brownish-yellow, 
amine, 

p Sulphobenzeneazo • 7 ; 8 - dihydro - a - naphthyl- Dull orange, 
amine. * 

p-Sulphobenzeneazotetrahydro-a naphthylamine Vivid orange. 
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As the four acid dyes are very sensitive to acids, the shades are 
those produced after the dyed material had been soaped. 

The shade produced by an azo-derivative of 5 : 8-dihydro-a- 
naphthylamine is more nearly related to that produced by a similar 
azo-derivative of a-naphthyl amine, whilst the shade produced bv a 
7 : 8-dihydro-a-naphthylamine derivative is more nearly related to 
that produced by a similar tetrahydro- a-naphthylamine derivative. 


Experimental. 


5 :%-Dihydro-a-miphthylamine , \ 


H NH 2 

/\/\ 


H 


The crude base was prepared from a-naphthylamine by the action 
of sodium and ethyl alcohol in the presence of an indifferent solvent 
of high boiling point (Farbenfabriken vorm. F. Bayer k Co.. 
D.R.-P. 305347). A mixture of 400 c.c. of dry solvent naphtha 
(b. p. 139°) and 30 grams of sodium contained in a flask fitted 
with a reflux condenser was boiled, and a solution of 34 grams oi 
a-naphthylamine in rather more dry ethyl alcohol than is necessary 
to dissolve the sodium added drop by drop through the condenser. 
Boiling was continued until all the sodium bad disappeared; an 
excess of alcohol is desirable in order to complete the reaction as 
quickly as possible. The mixture was poured into water, the 
solvent naphtha layer separated, acidified with hydrochloric acid, 
and the solvent naphtha removed by distillation in a current oi 
steam. The residue was filtered from a little tar and allowed to 
crystallise. The hydrochloride was basified. the base allowed to 
crystallise, and. after pressing well, it was melted with 10 per cent, 
of its weight of toluene, cooled in a freezing mixture of ice and 
salt, filtered quickly, and dried. Tt was converted into the 
benzylidene derivative by mixing 21 grams of the base with 15 
grams of benzaldehyde, and allowing to remain until the mixture 
solidified. The product was pressed well and crystallised twice 
from light petroleum (b. p. 70°). 

Benzylidene- 5 : 8 diiydro-a-imph thylamin c forms massive, rhombic 
pyramids with brachydomes and braehypinakoids, melting at 69' 
(corr.) (Found: C = 87-75; H = 6*51. C 17 H 15 N requires C -87*53: 
H = 6-44 per cent.). 

The benzylidene derivative was hydrolysed by warming with 
hydrochloric acid, and the benzaldehyde removed by distillation in 
a current of steam. The residue, after filtration,. was basified, and 
the base distilled. 
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5:8 -Dihydru-a-naphthylamine forms large, colourless, rhombic 
plates or needles, melting at 37-5° (corr.) and boiling at 247°/ 
108 mm., and the hydrochloride forms stout, colourless needles. 
Both the base and the hydrochloride turn pink on exposure to air 
(Found: C=82'59; H = 7-65. C 10 H U N requires 0 -82' 76; 
;j- 758 per cent.). 

When the amine was diazotised and treated with an alkaline 
solution of sodium stannite, A 2 - or 1 :4-diliydronaphthalene, con- 
sisting of colourless plates melting at 2-l'5 -25°, was obtained, 
which formed a compound with mercuric acetate, crystallising from 
benzene in colourless needles melting at 121°, and a dibromide, 
long, glistening, thin prisms melting at 71 '5 — 72°. 

5 :&-Dihydroaceto-a-naphthalide crystallises from alcohol in 
colourless, silky needles melting at 163° (corr.). ft may be sub- 
limed unchanged (Found : C"7715; H-7 01. C )2 H ls ON requires 
C — 77‘01 ; H = 6'95 per cent.). • 

2:i'l)initrophenyl-b :8-dihydro-a-naphthylaniine was obtained by 
heating, under rellux, a mixture of a grams of the base, 6-9 grams 
of 4-chloro-m-dinitrobenzene dissolved in 100 c.c. of alcohol, and a 
solution of 4- 6 grams of crystallised sodium acetate in a little 
water. The product crystallises from acetic acid or toluene in 
reddish-brown, rhombic plates melting at 144 a (corr.) (Found: 
C=61-89; H = 4'27. C 1(i H 13 0,N 3 requires C 61-74; 11 = 4 18 per 
cent.). 

The sodium salt of p-sul [ihnhtnztneazo-o iS-dihydro-a-naphthyl- 
amine was obtained by the addition of diazotised sulphanilic acid 
to au aqueous solution of the hydrochloride of the base. The 
product, which separated as a crystalline precipitate, was dissolved 
in the minimum quantity of boiling dilute aqueous sodium 
carbonate, and, on cooling, the salt separated in glistening, brown 
plates. 


5 : 6(or 7 : 8 )-Dih ydro-a-naph thylamine, 
NHj H NH„ 

/\/\ h/\/\ 

H l I I or I I' 

\/\/ \/\/ 

H 


a-Naphthyl amine was reduced to 5 : 8-dihydro-a-naphthylamine, 
as already described. When all the sodium had disappeared, the 
mixture was distilled until the internal temperature rose to 140°, 
and heating was continued at that temperature for one hour, 
during which period ammonia was evolved, owing to some decom- 
position of the amine. The mixture was poured into water, the 

3 M* 
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oily layer separated, acidified with hydrochloric acid at}( j 
remainder of the solvent naphtha removed by distillation 
current of steam. The residue was filtered from tar ami . i| 1U a 
to crystallise. The hydrochloride separated in straw- co l °*^ 
feathery needles, quite different in appearance from the less if 
hydrochloride of the isomeric base. The hydrochloride " * 
basified, the base extracted with ether, and converted into "f 
benzylidene derivative, as described for the isomeric compound * 
Benzylidene-1 : 8-dihydro-a-naphthylamine separates from li«], 
petroleum in long crystals, which are a combination of a i ' 8 


prism and pyramid with brachypinakoids, melting at Bi° 


(corn 


(Found: C=87’39; H~6'48. C i7 Hj-N requires C = 8r55 ; H = 6n 
per cent.). 

The benzylidene derivative was hydrolysed by warming with 
hydrochloric acid, the benzaldehyde removed by extraction with 
ether, the solution of the hydrochloride basified, extracted with 
ether, and the base distilled. 

7 ■.S-Dihydro-a-naphthylamine is a colourless oil boiling at 
180 — 182°/30 mm., which rapidly darkens on exposure to air, and 
is less stable than the isomeric base. It did not crystallise when 
maintained at -18° for a considerable time (Found: C = 8266; 
H = 7’71. C^H^N requires C = 82 76 ; H = 7-58 per cent.). 

When the amine was diazotised and treated with a solution of 
alkaline sodium starmite, A 1 - or 1 : 2-dihydronaphthalene, crystal- 
lising in colourless plates, melting at -9°, was obtained, which 
formed a compound with mercuric acetate of high melting point, 
insoluble in benzene, and a dibromide, stout, prismatic crystals 
melting at 70 — 71°. 

7 :8-Dihydroaeeto-a-iia])hthalide forms colourless, silky needles 
melting at 153° (corr.). The yield was not good, owing to the 
instability of the amine at the temperature of acetylation (Found : 
C = 77'00; 11 = 7 01. Cj 2 II 13 ON requires C = 77-01 ; H = 6'95 per 


cent.). 

2 ■A-Diuitrophenyl-l : 8-dihydro-a naphthylamine was obtained 
in a similar manner to that used for the isomeric compound. It 
crystallises from acetic acid or toluene in glistening, reddish-brown 
leaflets or needles melting at 136° (corr.) (Found: C = 6K8; 
H=4'13. C 16 H ]S 0, l N. i requires C = 6T74; H = 4'18 per cent.). 

The sodium salt of p-sulphobenseneazo-l : &-dihydro-a-naphthi/l- 
amine was obtained in a similar manner to that used for the 
isomeric compound. It crystallises in reddish-brown, glistening 
plates. 

ar-Tetrahydro-o-naphthylamine was readily obtained fro® 
7 : 8-dihydro-a-naphthylamine by adding 15 grams of sodium to > 
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boilin" solution of 10 grams of the base in 200 c.c. of dry ethyl 
alcohol The mixture was worked' up in the usual manner. 

For purposes of comparison, btniyliileM-ax-Utrahydro-a- 
,iaphthylaminc was prepared from «r-tetrahydro-a-naphthylamine. 
It. crystallises from light petroleum in flat, rhombic prisms with 
brachypinakoids, melting at 61'5° (corr.) (Found: C=86'70; 
H-7-33. C.jHjjN requires C = 86'81; H = 7'23 per cent.). 

Dyestuffs Research Laboratory, 

Municipal College op Technology, 

Manchester. [ Received , November lOiA, 1920.] 


CLXXIV . — The Formation and Stability of spiro- 
Compounds. Part III. spiro -Compounds from 

cjdoPentane. 

By Oscar Becker and Jocelyn Field TiionrE. 

In Part I of this series (Beesley, Ingold, and Thorpe, T., 1915. 
107, 1080) attention was directed to the fact that when the 
normal angle between two of the valencies of a carbon atom is 
changed as the result of their inclusion in a ring, groups attached 
by means of the other two valencies apparently take up an altered 
relative position. The hypothesis which was suggested in this 
connexion was that when two of the valencies, a and b, of a carbon 
atom are maintained by their participation in a ring at some 
inclination other than the normal, the two remaining valencies, 
c and d, will assume directions which enclose an angle differing 
from the normal in the opposite sense. In particular, if 2/3 be 
the angle formed by the valencies a and b, the angle 20 between 
the directions taken up by the valencies c and d will be deter- 
mined by the condition that these directions are equally inclined 
to each other and to the directions occupied by the valencies a 
and b. Thus, the angles between the lines of action of the follow- 
ing pairs of valencies, namely, a and c, b and c, a and d, b and d, 
are all equal to 20. From this condition, it follows that if 2/3 is 
greater than the normal angle (namely, the angle 2tan _1 s /2 = 
109°28 / 16 // subtended at the centre of a regular tetrahedron by 
one cf its sides), then 20 will be less than this amount, and vice 
versa. 

A general equation from which 20 can be calculated when 2/3 
13 known may very readily be obtained by the following method. 

.2 M* 2 
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Let a. small sphere (see figure) be described around the <arl,., ri 
atom as centre, and let the points .1, li, (', and I), in which tlw 
lines of action of (he valencies, a, b, c, and r / cut the sphere. L 
joined by great circles. Let M and N be the two points of inter- 
section of the great circle AB with the great circle CD, M beicr 
nearest A and B, and .V nearest C and 1). This construction 
involves the description of a number of right-angled spherical 
triangles, and a consideration of any of them, such as, fur example 
the triangle /it'.!/, shows that 

cos 2d = cos ft . cos (it - 0) . 

The solution of this equation is 

cos 6 = J j Jeos* ji + 8 - cos /3j- 

for all real values of the angles. The general character of this 



solution is exhibited in the following table, in which 29 is calcu- 
lated for a number of values of 2/3 which (he different alicvclic 
structures may he supposed to determine: 


Ring. 2). 2/3. 

cyc/oPropane GO 0' 0' 116“ 55' 56" 

cycioButane 90 0 0 112 58 44 

cyc/oPentane 108 0 0 109 46 13 

cycJoHexanc 120 0 0 107 14 58 

cyc/oHeptane 128 34 17 105 16 3 

cycZoOctano 135 0 0 103 40 38 

No ring 109 28 16 109 28 3 6 


From this table it will be seen that in one case, namely, thai 
corresponding with the eyc/opentane ring, the angle 2j8 differ? 
from the normal angle by some minutes of arc only. This case 
therefore, is of particular interest, since groups attached to two 
of the valencies of a carbon atom, the remaining two valencies ol 
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which are bound in a cycfopentane ring, should differ but little 
in their reactions, and particularly in their interactions, from 
corresponding groups in a similar structure from which the 
pentane ring is absent. 

The present communication deals with this case, the comparison 
instituted being between £/3-dimethy]ghitaric acid (I) on the one 
hand and rycfopentane-1 : 1-diacetic acid (II) on the other, and it 
is shown that the reactions of derivatives of the latter acid follow 
very closely the analogies presented by the corresponding deriv- 
atives of the former. 

In Part T, the result of an experimental study of eyc/ohex&ne- 
1 : 1-diacetic acid (III) was described, and it was shown that the 
Me.,, ^ CH 2 ' CO s H <?EVCH 5 CHpCOjH 

^'CHpCOjH CH 2 -C11/'"'CII 2 -C0 2 I£ 

(I.) (II.) 

2 -CH CH 2 -CO,H 
j'CHj ^CH 2 -CO s H 

(III.) 

behaviour of certain derivatives of this substance differed very 
notably from that of the corresponding members of the dimethyl- 
glutaric series. The principle points of contrast presented 
themselves in connexion with : 

(a) The unstable character which the clibromo-ester of cyclo- 
hexane-1 : 1-diacetic acid (IV) possesses, owing to the tendency it 
has to eliminate ethyl bromide and to pass into the bromo-lactone 
ester (V), whereas the corresponding dibromo-ester of i8/3-dimethyI- 
glutaric acid (VI) is stable. 


ch 2 < 


,CH 

CH 


CHBr-COjEfc XH{C0 2 Et)-0 Jk UHBrCO.Bt 

8 la< ^CHBrCO„Et CO Mc^ < 'CHBr-C0 2 Et 

(IV.) ' (V.) (VI.) 

(b) The great stability of cycfoliexaiiespinjci/ffopropanedicarb- 
oxylic acid (VII), which, for example, resists the action of con- 
centrated hydrochloric acid at 240°, whereas the corresponding 
■iimethylcjicfopropanedicarboxylic acid (caronic acid) (VIII) is 
transformed into terebic acid (TX) by 5 per cent, acid at 200°. 

.CH-COjH Me. CH-CO s H 0 CMe 2 

s "'^CH-COjH 51 eX \(:H'C0 2 H co-ch 2 -ch-co,h 

(VII.) (VIII.) (IX.) 

c 6 h 10 :ch>co,h 

(X.) 


(c) The tendency to the formation of cycfohexylideneacetic acid 
(X) when the bromo-lactone ester is treated with alkalis. 
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Clearly the fact that groups can be eliminated from the acetic 
acid residues more readily in the eye/ oh ex an ed i acetic series than in 
the dimethylglutaric series, and also the fact that the products 
formed by the establishment of a bond between the residues are 
more stable in the cyc/ohexane series, are both in full accord with 
the idea that the acetic acid residues are closer together in th f 
cyc/ohexanediacetic series than in the dimethylglutaric series, as 
the calculation of 2/3 for the cjic/ohexane ring indicates. On the 
other hand, the relation which the conversion of the bromo-lacton# 
ester into cyc/ohexylideneaeetic acid, large quantities of which are 
produced under widely varying conditions,* bears to molecular 
structure, is not very clear, although it is doubtless connected with 
the greater stability which, according to the hypothesis here pul 
forward, the cyc/ohexane ring should bestow on the semi-cyclic 
double bond when comparison is made with the double bond in 
dimethylacrylic acid, CMe.dCH-CO,H. 

On the basis of the hypothesis outlined, one would therefore 
expect that, in regard to the elimination of the groups from the 
acetic acid residues, and also in regard to the stability of the 
products in which a bond has been established between the acetic 
acid residues, and as regards the tendency to the formation of an 
unsaturated monobasic acid, the derivatives of cyc/opentanediacetic 
acid would resemble those of dimethylglutaric acid rather than 
those of cyc/ohexanediacetic acid, in spite of the fact that in mole- 
cular weight and in cyclic structure cyc/opentanediacetic acid comes 
closer to the latter. Actually, the expectation has been realised. 

In particular, it is shown in the present paper that : 

(a) As regards the stability of its dibromo-ester, cyc/opeutane 
diacetic acid resembles dimethylglutaric acid more closely than it 
resembles cyc/ohexanediacetic acid. Thus, on distilling tthijl 
aa l ~dibronwcy(Aopeutune-\ \\-diacetate (XI) under diminished 
pressure, the major portion passes over unchanged, some 10 per 
cent, only being changed into I he bromo-e ster (XII). In similar 
circumstances, the cyclohexane bromo-ester is completely converted 
into the bromo-lactone ester and ethyl bromide. Ethyl dibromo- 
dimetbylglutarate, in small quantities, distils practically without 

CH 2 'CH 2 . CHBr-C0 2 El CH(C0. 2 Et)'0 

CH 2 -CHr 0< -CHBr-CO,Et CH-.-CH,^ XIHBi CO 

(XI.) (XII.) 

» Under certain conditions, however, the q/efohexylideneacetic acid 
itself becomes unstable and posses quantitatively into the isonteride with tin 
douhle bond in the ring. This is therefore the product actually isolated in (he 
circumstances (foe. cit.). 
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Jecouiposition, although the corresponding bromo-laclone eslcr can 
be obtained by repeated slow distillation. 

(j) cyc/oPentan&sp(Vocyc/opropane-l : 2-dicarboxylic acid (XIII) 
Joes not possesses the same general stability as the corresponding 
, yc/ohexane derivative. Thus, whilst the latter is stable to con- 
centrated hydrochloric acid at 240°, the former is rapidly decom- 
posed, even at 200°, by 5 per cent. acid. Under these conditions, 
the dimethyl analogue, caronic acid, is also decomposed. 


CH S -CH XH-CO s H 
Cil.-CH, ^CH'CO,H 
(XIII.) 


6h;. C h;> c:ch -^ h 


(XIV.) 


CH.-CFL 

CH 2 ’CHj 


CH<C0 2 H)d> 
^ XJH(OH) — CO 


(XV.) 


(c) cyc/oPentylideneacetic acid (XIV) can be isolated from the 
product obtained by hydrolysing the bromo-laclone ester (XII) 
with alkalis. It is, however, apparently formed in very much 
smaller amount than is the case with the corresponding cyclo- 
hexylidene derivative. In the dimethylglutaric series, this curious 
reaction has not yet been observed at all, and, indeed, it may be 
peculiar to cyclic compounds. 

In view of these results, the chemistry of cyc/opentanediacetic 
acid and its derivatives may be said to come well into line with 
the general view which forms the present working hypothesis 
underlying the experiments recorded in this series of papers. 

Ethyl an'-dibromocycfopenlane-l :l-diace(ate (XI) is produced 
by the action of phosphorus pentabromide and bromine on the 
anhydride of cyciopentane-1 : L-diacetic acid (XIX), and subse- 
quent treatment with alcohol. From this, a considerable quantity 
of the bromo-lactone ester (XII) can be obtained by repeated dis- 
tillation. The lactone, on hydrolysis with 25 per cent, aqueous 
potassium hydroxide, yields two compounds, namely, cycfopentyl- 
ideneacetic acid (XIV) (Wallach, Annalen, 1902, 323. 159; 1906, 
347, 324; Harding and Haworth, T., 1910. 97, 493) and the 
lactonic acid of an ' - dihydro xy cyclo pe ntaneL : l-diacetic acid (XV). 

The similarity between the open-chain series and that contain- 
ing the five-membered ring is also shown in the behaviour of the 
diacetic acids towards mono-bromination. Thus the mono- 
bromination of cyc/opentanediacetic acid leads to the formation of 
ethyl a-bromocyclopentane-l : \-dvicctic acid (XVI), in the same 
manner as dimethylglutaric acid yields ethyl a-bromodimethyl- 
glutarate. It will be noted that the n-brominated ester of cyclo- 
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hexane-1 : 1-diaeetic acid could not, be obtained (T., 1915, 107_ 
1084). 

In the cases of both dibromination and monobromination, besides 
the neutral esters obtained, one and the same acid (XVII) is p ro . 

CHj-CH, OHDrCOjEt CHBr-C0 2 H 

CH.-CII/*' X!H 2 -CO s Et CHj-CHj N)II 2 -C0 2 Et 

(XVI.) . (XVII.) 

CH./CH CH(C 0 2 H )-0 

^CHj CO 

(XVIII.) 

duced. The acid product of bromination, as well as the neutral 
ester, on treatment with highly concentrated potassium hydroxide 
solution, yields, in addition to the lactone of a-hydroxy cyclo- 
pmtanediacetic acid (XVIII), both the train- and cts-modifications 
of the sjiiro- acid (XIII) and (XX). 

trans-cyclo Pen tan cspirocyclopro pa nc-i : 2 -dicarboxylic acid, on 
distillation under atmospheric pressure, yields the anhydride 
(XIX) of its CM-isomeride, from which the eft-acid (XX) can be 
obtained in the usual manner. 

H-OCO.H 


CH.-CH, 


OH.-OH, 


COjH-C-H 


I ‘ ) C \ 

CH 2' CH = H-C-COjH 


(XIII.) 


C H ,,-C H , <CH • C ( )> 
CH 2 'CH/ X 1 H-CCK U 
(XIX.) 


(XX.) 


It should be added for tbe benefit of those who may wish to 
prepare the substances described in this paper that many difficul- 
ties were encountered, owing to the remarkable lack of tendency 
to crystallise which they exhibit. At one time it. was thought 
that the research would have to be abandoned for this reason, but. 
owing to its importance in relation to the general scheme of wort 
at present, being undertaken in these laboratories, it. was necessary 
that every effort should be made to bring it to a successful con- 
clusion. As will be seen from the experimental portion, this was 
ultimately accomplished, although in some cases the compounds 
described became crystalline only after keeping for several 
months. 

Experimental, 


Dibromination of eycXoFentane-l ■ 1-diaceUc Acid. 

Dibromination was effected by treating 23 2 grams of the acid, 
prepared by Kon and Thorpe's method (T., 1919, 115, 700), with 
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115 grams of phosphorus pentabromide, and, after a clear solution 
had been obtained by gentle heating on the water-bath, adding 
gradually 43 grams of bromine. The interaction was completed 
by heating until the halogen had disappeared, and, when cold, the 
dibromo-acid bromide was poured into 500 c.c. of well-cooled 
absolute alcohol. The oil, which was precipitated by water, was 
extracted by ether, and the ethereal extract thoroughly shaken 
with dilute aqueous sodium carbonate solution to remove acid 
products. The ether was then evaporated. Ethyl aa' -dihromn- 
cydopentan^-Ubdiacetate (XI) boils at 211 — 212°/30 mm., and 
is a colourless, fairly mobile oil (Found: Br- 39-39. C 13 H« 0 O 4 Br 3 
requires Br = 40*0 per cent.). 
aa'-D-ibromocydope ntane-l : \ -dime tic acid , 
C 4 H 8 :C(CHBr*CO,H) 2 , 

is obtained as a white, crystalline precipitate when the dibromo- 
acid bromide obtained in the above experiment is poured into 
formic acid. It separates from formic acid in small prisms, which 
melt at 177° (Found: Br — 46*43. C 9 H 12 0 4 Br 2 requires Br-46‘5 
per cent.). 


Lactone of Ethyl a-Bromo-a-hydrn.rycyc\opcntane-\ : 1- 
diacetate (XII). 

The mixed cis- and £ra«$-lactones of this formula are produced 
by the repeated distillation of the dibromo-ester, whereby ethyl 
bromide is also formed. The mixture boils at 220 — 222°/25 mm., 
and is a colourless, viscid oil (Found: Br = 27-71. C 11 H lf( 0 J Br 
requires Br = 27*5 per cent.). 

As the lactones showed no tendency to crystallise, we were 
unable to separate the cis- and fraw.s-isomerides. 

Hydrolysis of the Bromo-lactonc. (a) cycl nFe niylideneaceUc 
Acid (XiV). — This acid can be prepared in small yield by hydro- 
lysing 12 grams of the lactone by means of 60 c.c. of a 25 per 
cent, aqueous potassium hydroxide at the boiling point for two 
hours. The clear solution is evaporated to a small bulk and 
acidified, when the unsaturated acid separates, and can be purified 
hy recrystallisation from water. It melts at 52° (Found : 
C=66 - 53; H=7'94. Calc.: C = 66*7; H = 7*9 per cent.). 

(b) The lactonic acid of aa-dikydroxycydopentawe-l : 1-diacelic 
wd (XV) is obtained from the filtrate after the separation of 
^'/opentylideneacetic acid by extracting it, after saturation with 
ammonium sulphate, with ether. The product left when the ether 
is evaporated is a gum, which solidified only after being kept for 
some months. It crystallises from benzene in small, colourless 
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prisms, which melt at 139—140° (Found: C=53'88; Hsj-jj 
CjHjoOj requires C=54 0; H = 6-0 per cent.). 

The melting point of this compound would suggest that it is ti, e 
trans-modification, corresponding with the trahs-modification of 
the higher homologue (T., 1915, 107, 1100), which melts at 14o° 


Monohromination nf cyc\oPentane -\ : 1 -iliucetic Acid. 

Twenty-six grams of cyc/opentanediacetic anhydride, prepared 
by treating the acid with acetyl chloride (T., 1919, 115 , 700) 
were mixed with 80 grams of phosphorus pentabromide aud 
28 grams of bromiife added, the process of bromination being the 
same as that already described in the case of dibromination. 

(1) The A'eutral Product of Bromination. Ethyl aa'-Bromo- 
cyclopcntunc-t : \-diaceiate (XVI). — The ester was distilled under 
diminished pressure and obtained as a nearly colourless oil, which 
however, was shown by anahnus to contain a small quantity of 
unbrominated ethyl ester, or possibly the corresponding lactoue 
ethyl ester. Ultimately, it was found that a comparatively pure 
product could be obtained by using 9 per cent, excess of bromine 
(that is, 31 grains instead of 28). The ester produced in this wav 
boiled at 192°/ 17 mm. (Found: Br=25'43. C, s H,,0 4 Br requires 
Br = 24'9 per cent.). 

(2) The Acid Product of Bromination. Ethyl Hydrogen 
a-Bromo«yc\opentane-l A-diaa.tic Acid (XVII). — This acid ester 
is identical with the one producer! by acidifying the sodium 
carbonate extract from the dibromination experiment. In the 
present instance, it is obtained in the same manner from the mono- 
brominated product. It cannot be distilled without decomposition, 
but gave a fairly good analysis in the crude state (Found: 
Br = 26'12. C n H I7 0 4 Br requires Br = 27-2 per cent.). 

The Action of Alkalis, (a) The Lactone of a-Hydroxycych- 
■pentane-1 :\-diaeetic Acid (XVIII).- -By the action of boiling 
aqueous sodium carbonate on the above acid product of bromin- 
ation, the lactone is obtained as sole product. Eight grams of the 
crude acid bromo-esier were hydrolysed by boiling for six hours 
with a solution containing 4 5 grams of anhydrous sodium carbonate 
in 45 c.c. of water. The clear solution obtained in this way was 
extracted repeatedly with ether, the ethereal solution yielding 
5 grams of a viscid gum on evaporation. This material distilled 
at 228 — 230°/ 15 mm., but several months elapsed before it com- 
menced to crystallise. It is freely soluble in all the usual organic 
solvents with the exception of light petroleum, in which it is 
insoluble, and can be purified by treatment .with the 40 — s 



stability - of stiho -com pounds, part lit. 1587 

fraction of this solvent, when it is obtained as a white, crystalline 
powder melting at 69—70° (Found: C=58'59; H = 6”65 PH 0 
require® C=58”7; H=6 6 per cent.). 5 1 

The filter salt of the corresponding dibasic acid is precipitated i 
*f >“ siher mtrale solufi ™ >s added to a solution of the ammonium 
f ali which has been prepared by heating a solution of the lactone 
in excess of dilute ammonia (Found: Ag=51-90. C„H „0-Ae, 
requires Ag= 51*9 per cent.). ■■ 

iraiurcycloF’eretanespirocyclopropaHe-1 : 2-tlicarhoxylk Acid (XIII). 

This tpiro - acid is best, prepared by the actifi of very concen- 
trated aqueous potassium hydroxide on the acid bromo-estcr, but it 
cau also be prepared from the neutral bromo-ester if the right 
conditions are observed. 6 

(a) From the Acid Bromo-ttter -A solution containing 60 
grams of potassium hydroxide in 50 c.c. of water was heated until 
(he temperature reached 150°, when 19 grams of the acid product 
of bromination were cautiously added as rapidly as possible, and 
die vigorous reaction was allowed to subside. ” When cold’, the 
solid mass was dissolved in water and acidified with hydrochloric 
acid, when crystals of the spiro acid separated on cooling. 

(b) From the Neutral Bromo-ester - -Fifteen grams of the 
neutral monobromo-ester were mixed with an alcoholic potassium 
hydroxide solution containing 15 grams of the hydroxide in 9 c.c. 
of water and 60 c.c. of absolute alcohol, and heated for ten hours 
The solution, freed from alcohol, yielded the spiro-acid on 
acidification. The acid crystallises from water in colourless plates 
melting at 211° (Found: 0 = 58-79; H = 6”46. C 8 H,„0, requires 
C=587; H = 6'6 per cent.). 

The silver salt is a white, crystalline powder (Found : Ag = 5419. 
CJIijOjAg, requires Ag = 54”2 per cent.). 

The duimlide, C i H s- c < ( ! ;g. C0 . NH p i) , was prepared by heating 

die acid with excess of aniline at 200° for two hours, and recrystal- 
!ismg the product from dilute alcohol. It forms white, silky 
needles melting at 289° (Found: C = 7o”34; H = 6”71. C„,H.„0„N„ 
requires C=75”4; 11 = 6-6 per cent.). 

cis-cycloPrn fan espirocycIoprojHMe-l : 1-dicarboxylic A dd (XX). 

The filtrate from the trans-acid was extracted repeatedly with 
?' ler ’ fl16 ethereal solution yielding a gum on evaporation, which 
ccame partly sohd^on keeping. This was found to be a mixture 
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of the lactone (XVIII) and the cis-acid, from which the latter 
could be separated by spreading on a porous plate. The cis-acid 
is, however, best prepared by distilling the trans-acid under 
*diminished pressure and treating the anhydride of the cis-acid 
which is then formed with water. The cis-spiro- add crystallises 
from a small quantity of water in white, flattened prisms, which 
melt at 170°. It is much more readily soluble in water than the 
trans-isomeride (Found: C = 59‘03; H = 6*55. C 9 H 12 0 4 requires 

C = 58'7; H = 6'6 per cent.). 

The anhydride of the cis -acid (XIX) was prepared by the action 
of acetyl chloride oil the cis-acid, and also, as mentioned above, 
by distilling the trans-acid under diminished pressure. As it 
showed no tendency to crystallise, it was characterised by con- 

.CH-CONUPh 

version into the amlic acid, ^ , by treating 

it in benzene solution with the calculated quantity of aniline. Ir 
crystallises from dilute alcohol in small needles, which melt at 
187° (Found: C = 69'40; H = 6'62. Cj S H„O a N requires C = 63"i: 
H = 6'6 per cent.). 

The Stability of the irans Modification — It was soon seen that 
the trans-acid was very much less stable towards concentrated 
hydrochloric acid at 250° than the corresponding cyc/ohesant 
derivative, for, under these conditions, it was found to undergs 
complete decomposition. The action of 5 per cent, acid was there- 
fore tried, and it was found that, whereas at 150° the acid remained 
unchanged, even on prolonged heating, at 200° it was completely 
decomposed in the course of an hour. Under the conditions 
therefore, which transform caronic acid into lerebic acid, tie 
trans-cyc/opentanespiro-acid is broken down into several products, 
of which free carbon is the chief. The cis-acid behaved in tie 
same way, although there was evidence that it was partly trails 
formed into the fraus-acid prior to decomposition. Otherwise, tie 
trans-acid, like similar acids of the series, is remarkably stable, k 
can, for example, be boiled for a short time with acid perman- 
ganate without change, and is stable to alkalino permanganate ii 
the cold. 

In conclusion, we wish to express our thanks to Mr. C. K. Ingd« 
and to Mr. G. A. R. Kon for much help in this very difficult piece 
of experimental work during the absence of one of us abroad. 

The Imperial College op Science and Technology, 

South Kensington. [Received, October 26 th, 1920.] 
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CL XXV . — Disodtum Hydrogen Phosphate 
Dodecahydrate. 

By Dalziej. Llewellyn Hammec-k, Hector Kenneth Goahhy. 
and Henry Booth. 


The system disodium hydrogen phosphate water lias been investi- 
gated by Shiomi {Mem. C’oll. Set. Hug. Kyoto, 1908, i. 106), who 
showed that three hydrates (Na,HP0 4 . 1211,0, Na,HP0„7H„0, 
N'2,HP0 4 .2H ,0) are capable of existence in contact with saturated 
aqueous solutions at different temperatures.' In the neighbour- 
hood of 100°, anhydrous salt is the stable solid phase. 

Shiomi records the following invariant points (breaks in a 
solubility curve): 


Solid Phases. 

Na,HPO 4 ,12H a 0-Na a HPO 4 ,7K.O. 
Na.HPO,, 7H ! 0-Na,HP0,,2H.;0. 
Na a HP0 4 , 2H a 0-Na a HP0 4 


Temperature. 
. 36'45 3 
. 48-0 
. 95-2 


The eutectic temperature (ice, Na»HPO (l 12II 2 0-solution) is 
given as -0'45° by Riidorf. I'hys. (them., 1864, [ii], 122, 
337) and as -0'9° by Guthrie (“Recueil de Const. Phys. "). 

Certain peculiarities of the dodecahydrato having led to the 
suspicion that Shiorui s analysis of the system was incomplete, the 
various hydrates were examined by means of heating and cooling 
curves, Arsenic-free dodecahydrate was recrystallised, and pre- 
parations of the other hydrates were made from it. The dihydrate 
is conveniently prepared by boiling the finely powdered dodeca- 
hydrate with ethyl alcohol. The heptaliydrate was prepared by 
fusing together the appropriate mixture of dodecahydrate and 
dihydrate, and cooling. 

The finely powdered hydrates were suspended in xylene and 
stirred with a thermometer in jacketed tubes immersed in a 
glycerol bath. 

Well-defined arrests were obtained on the heating and cooling 
curves at the following temperatures: 

Na.,HP0j,2H 2 0-Na 2 HP0 4 : 9520, 94-92, 90-00, 94 90, 94 92 
(corrected) ; mean, 94'97°. 

Na 2 HP0 4 ,7H 2 0-Na,HP0 ( ,2H.,0 : 485, 480, 48 0, 47-8, 48 0, 
43 2; mean, 48-09°. 

K\HP0 4l 12H 2 0-Na, ! HP0 4? 7H 2 0: 35 0. 35-1, 35 4, 35-0, 35 0, 
35*05, 35 0, 35-Q, 35'6, 35‘05; mean, 35‘0°. 

At the same time, sharp breaks in the heating and cooling 
curves for the dodecahydrate were observed at 29' 6° (29 6, 29 6, 
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29*5, 29' 55, 29 65°). From these results, it appeared that Shiotm - 
points at 95'2° and 36 45° were probably too high. The transition 
temperature at 35 0° found by the authors is in agreement with 
Tilden's (T., 1884, 45, 409). It seemed, moreover, likely that tfc* 
break in the heating and cooling curves observed at 29’ 6° indicate 
a change of phase at that temperature. 

In order to test this conclusion, crystals separating from a solu 
tion of sodium phosphate at 33° were collected and examined. 
They closely resemble in appearance the ordinary large, monocbnic 
crystals obtained at the ordinary temperatures; on keeping, how- 
ever, in a closed tube at the ordinary temperatures (15 — 20°), thev 
become opaque and friable. Analysis of the clear crystals gave the 
following result: 2-3910 grams gave 0 7505 gram of magnesium 
pyrophosphate, whence the number of molecules of water of 
crystallisation for one molecule of disodium hydrogen phosphate 
is 1T95. 

The solid phase in equilibrium with solutions between 29 6° and 
35’0° ‘is ^therefore a dodecahydrate. Crystals of ordinary dodeca 
hydrate kept in a closed tube in a thermostat above 29 6° (at 33h 
slowly lose their transparency and rigidity, whereas crystals formed 
between 29’6° and 35-9° undergo no change. 

The conclusion is therefore drawn that disodium hydrogen 
phosphate dodecahydrate exists in two forms, a and 0, the a-form 
being stable between 29*6° and 35’0°, and the ordinary, or 0-form, 
below 29 ’6°. 

Shiomi’s solubility data (loc. cit.) give no indication of any 
change in the solid phase in equilibrium between 0° and 36 5'. 
Solubilities were therefore redetermined from the eutectic tempera- 
ture to above the transition temperature of the a-dodecahydrafe 
into hep tahy drat e. 

■ The temperature of the eutectic was found by stirring solutions 
of sodium phosphate in freshly distilled water in jacketed tubes 
cooled in a brine-bath at -30° to -4-0°. Steady temperatures* 
were obtained at the following points, which remained unchanged 
for at least half a minute on removing the tube from the brine- 
bath: -0-42°, -0’47°, -0’47°, -0’47°. In the first two 

experiments, the soiid phase separating first was ice. In order to 
determine the composition of the liquid phase at the eutectic, a 
solution that had been brought to the eutectic point was stirred 
in a freezing mixture of ice and sodium phosphate for about half 
an hour, solid matter allowed to settle, and about 5 grams of the 
supernatant liquid were removed with a pipette and analysed. 

* The thermometer was graduated in 1/50° and was standardised before 
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The result is shown in the table below. The other solubilities 
there given were determined as follows. 

Saturated solutions were prepared by stirring the appropriate 
solid phase with distilled water in an electrically heated and con- 
trolled thermostat, temperature being constant to within ±0‘02°. 

In order to make certain that the true solid phase iu equilibrium 
was present during the whole period of stirring, an approximately 
saturated solution was prepared at a higher temperature than that 
of the thermostat and introduced into the solubility apparatus, 
together with a few crystals of the expected solid phase. Stirring 
was continued for three to four hours,* a portion of the saturated 
solution being then siphoned through a glass-wool filter into a 



small weighed bottle. The whole operation was carried out in the 
thermostat. 

The composition of the saturated solution was determined by 
conversion of the dissolved phosphate into magnesium pyro- 
phosphate. The temperature of the thermostat was recorded with 
standard thermometers graduated in 1/20°, the mercury thread 
being totally immersed. Seventeen determinations were com- 
pleted; two results were discarded, owing to suspicion of leakage 
of water from the thermostat into the solubility apparatus. The 
remainder are given below as grams of anhydrous disodium 
hydrogen phosphate in 100 grams of solution. 

It was found that no difference greater than 0-05 per cent, was pro* 
duoec] in the value of a solubility by continuing the stirring for eight hours. 
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Temperature. 

Solubility. 

| Temperature. 

Solubility. 

— 0-47° (eutectic). 1-45 

+ 29-50 3 

17-18 

-f- 6 00 * 

2-73 

30-10 

19-45 

19-95 

7-26 

30-90 

20-08 

22-77 

8-93 

32-50 

22-57 

24-15 

9-53 

33-70 

24-63 

25-75 

10-90 

34-70 

29-75 

27-80 

J4-16 

3G-50 

31-15 

28-65 

15-87 

40-02 

35-56 

29-05 

16-04 




* Temperature at which a solution containing 2-81 grams in 100 grama of 
water begins to crystallise. 

These results are plotted in the figure. The solubility curv# 
shows distinct breaks at 29'5— 29'6°, corresponding with the 
invariant point o-X a.IlPOj.l 1'ILO -|3-Na.l 1 Pt)^,l 2 1 toO-solufu..!! 
and at 35'0°, corresponding with a-Na.,HP0 4 , 1211,0- 
Na„HFO,,7H,,0-solution. 


Summary. 

(1) Disodium hydrogen phosphate dodecahydrate exists in two 
forms, a and (3. The transition temperature between the a ■ and 
/3-hydrates is 29-6°. The a-hydrate passes into heptahydrate a! 
35'0° (not 36'45°, as given by Shiomi, foe. cit.). 

(2) The eutectic point, ^-dodecahydrate -ice, is found to be at 
-0-47°, agreeing closely with Riidorf's value, -0-45° (foe. cit.). 

(3) The solubilities of the two dodecahydrates have been deter- 
mined J from the solubility curves, the transition temperatures ara 
found to agree with those deduced from heating and cooling curves 

Chemical Laboratory, 

The College, 

Winchester. [ Received , November Ibth , 1920 ; 


CLXXVI . — The Preparation of Ethyl Iodide. 

Bv Beatrice Elizabetha IIunt. 

The preparation of ethyl iodide has recently been investigated by 
Adams and Voorhees (/. /l7/ier. Chem. Soc., 1919, 41 , 789), who 
recommend the employment of Walkers method (1., 1892, 61 
717) in a slightly modified form. An alternative method, how- 
ever, appeared possible in view of the work of Beilstein and Ki® 1 
(Annalen, 1863, 126 , 250), and this process forms the subject ot 
the present communication. 
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Experiment showed that with the use of 80 per cent, alcohol in 
place of absolute alcohol, the vigour of the reaction, caused by the 
addition of iodine, was so much reduced that the time required to 
mix 500 grains of iodine with the requisite amount of alcohol and 
red phosphorus was not more than twenty minutes. Further, the 
v ield was not affected by the omission of the customary period of 
keeping at the ordinary temperature, but boiling under reflux for 
tvo and a-half hours, followed by immediate distillation, was 
sufficient to ensure a good yield. The use of a largo excess of 
alcohol is often suggested, but this proved unnecessary, and, indeed, 
rendered the process of purification more difficult, and thus reduced 
the yield. 

In most modern text-books, the main reaction is regarded as 
taking place according to the equation 

P + 31 + C,H c O = 3CJI 5 I + P(OH),„ 
but Beilstein (!oc. cit.) interprets it thus: 

P + 51 + CMfi = 5C 2 II,I + H 3 P0 4 + H 2 0. 

Estimations of the amount, of unused phosphorus remaining after 
distillation agreed with this interpretation, which was further 
verified by the preparation of ethyl iodide, using the amount of 
phosphorus required by Beilstein's equation, when a good yield 
was obtained. In practice, however, if proved better to use 
an excess of phosphorus to ensure purity of the product. 

Experimental. 

To 500 grams of iodine in a flask of 1 litres capacity, cooled by 
water, about 281 grams of 80 per cent, alcohol (by weight) were 
added, and thereafter, during the course of about twenty minutes, 
50 grams of red phosphorus, with shaking after each addition to 
ensure complete mixing. The first additions of phosphorus caused 
evolution of heat and boiling of the liquid in the flask, but no loss 
of vapour occurred. A reflux condenser was then attached to the 
flask, and the latter heated in a water-bath, so that the contents 
boiled gently. After about two and a-half hours, iodine vapour 
was no longer visible, although the mixture remained dark in 
colour. The ethyl iodide was, without cooling, distilled off, through 
a short, two-bulb condensing column, by healing, first in a water - 
hath and afterwards on a briue-bath. All the distillate passed 
over at 63 — 83°, and was colourless, except for a small fraction at 
end, which had a yellow tinge. A few drops of sodium 
carbonate solution were added to ensure absence of free hydriodic 
a cid, and a few drops of a dilute solution of sodium thiosulphate 
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to remove any free iodine, since ethyl iodide purified with sodium 
thiosulphate ,was proved to darken less quickly on keeping than 
when sodium carbonate alone was used, and the purification 
accomplished more rapidly. The oil was then washed with water 
dried over calcium chloride, and redistilled. The yield was 56$ 
grams (92 per cent, of the theoretical), and the unused red 
phosphorus amounted to 24 ‘45 grams. 

University College, 

Southampton. [Received, October 26tft, 1920,] 


CLXXVII . — Studies in the Chroman Series. Part ], 


By Annie Greenwood and .Maximilian Nierf.nstein. 

In order to obtain confirmatory evidence of the views expressed 
by one of us with regard to the action of metallic sodium ani 
alcohol on catechin tetramethyl ether (this vol., pp. 971, 1151), n 
thought it advisable to study the effect of these reagents on some 
simple derivatives of the chroman series. Our observations on 
1-phenylchroman (T) and 3* phenyl chroman (III), which are 
described in the present communication, confirm in every respect 
the deductions made in the case of catechin tetramethyl ether. 
Thus we obtained 2-hydruxy-ay-diphenylpropane (II) and 2-hyir- 
oxy-aa-diphenylpropane (IV) by the action of metallic sodian 
on 1-phenylchroman (I) and 3-phenylchroman (III) respective!;. 
We also found that, whereas the ay-derivative (II) is recovers: 
unchanged on oxidation, 2-hydroxy-aa-diplienylpropane (IV) yields 
under the same conditions 2-hydroxydiphenylacetic acid (V). 


0 

/\/X<j!HPh 

\/\/ CH » 

CH 2 

P- 


,OH 


(II.) 


0 

/\/Xch 

I T ^ 2 

\/\/®> 

CHPh 

(III.) 


i /X iOH , /X iOH 

I JcHPh-CH.Me I JOHPh-CO,H 


(IV. } 


(V.) 


1-Phenylchromau (1) has been previously prepared by Harris 
and Bnsse (Her., 1890. 29, 380), and Feuerstein and Muscuta 
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(ibid., 1901, 34 . 412). We have obtained 3 -phcnylehroman (III) 
according to Semmler’s scheme for the synthesis o| chroman (Ber . , 
1906 , 39 , 2855). 3-Phenyldihydrocoumarin (VI) was reduced to 
■■i.y-Jihydroxij-aa-dipheni/lpropane (VII), and subsequently con- 
verted into 3-phenylchroman (III). 


\/\A 

CHPh 

(VI.) 


n 

\/ 


OH 

CHPh'CHj'CHj-OH 


(VII. 


Experimental. 

2-Hydroxy-ay-diphenylpropaiie (II) . 

To a solution of 115 grams of 1-phenylchroman, prepared accord- 
ing to Harries and Busse's method, in 150 c.c. of alcohol are added 
50 grains of metallic sodium, and the solution is heated for eight 
hours on a water-bath. The alcohol is removed with steam, and, 
at the same time, 4'5 grams of unchanged 1-phenylchroman are 
recovered, This unchanged material is again reduced, 20 grams 
of sodium and 100 c.c. of alcohol being used. The combined 
aqueous solutions are extracted with ether in order to remove any 
unchanged 1-phenylchromau (0-72 gram of unchanged product was 
recovered on evaporation of the ether), the solution acidified with 
dilute sulphuric acid, and extracted several times with ether. The 
dried ethereal extract leaves, on evaporation, an oil, which solidifies 
on keeping over paraffin in a vacuum. It crystallises from light 
petroleum in slender, glistening needles, which melt sharply at 
215°. The alcoholic solution turns violet, with alcoholic ferric 
chloride. The yield is 69 per cent,, of the theoretical (Found * : 
C = 85 • 1 ; BT=7'6. C 15 H le Ot requires C=84'9; H^7'5 per cent.). 

Diazomethane converts the ethereal solution into the methyl 
ether , the yield being 86 per cent, of the theoretical. It is a 
viscous, colourless oil, which boils at 143 —147°/ 1 1 — 12 mm. 
(Found): C = 84’9; H = 8'2. C lf H IS 0 requires C=85'0; H = 7'9 
per cent.). 

* Dried over paraffin in a vacuum. 

IsBmrn and Deutsch {Ber., 1912, 45. 2187) have prepared 2-hydroxy 
ay-diphenylpropane in a different manner. They describe it as a yellow, 
viscous, odourless oil, which boils at 198— 202°/I5 mm. They calculate, 
however, wrongly for 1 '.if wliieh requires C --- St»-.A ; II - 5-8, and they 
iind C — 85-63 ; H = 6-01 per cent,. 

I Dried over paraffin in a vacuum. 
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3-Pkenyfdihydrocoumarin (VI) . 

#■ 

This substance has been prepared by Liebermann and Hartman 
(Her., 1891, 24, 2582) and Simonis ("Die Cumarine,’’ 1915 
p. 132), but neither method was used by us. We have prepare 
it by the action of acetyl chloride on 2 -n>ethoxy-/J£-diphenyl. 
propionic acid (compare Stoermer and Friderici, Ber., 1908, 41, 
340). For the synthesis of this acid we used Fosse’s method (An, 
Chim., 1920, [ix], 13, 105), which seemed to us preferable to that 
employed by Stoermer and Friderici (Inc. at., p. 335). 

Twenty-six grams of 2-methoxydiphenylcarbinol (prepared 
according to Stoermer and Friderici’s method, loc. cit., p. 332) are 
heated in an oil-bath for four hours at 120° with 50 grams of ethyl 
malonaie. The excess of the ethyl malonate is distilled off and 
the solid crystallised from alcohol , from which it separates in long, 
prismatic needles, which melt at 134 — 135°, carbon dioxide being 
evolved (compare Stoermer and Friderici, Joe. cit., who give 1 31"), 
The yield is 92 per cent, of the theoretical. 

2-Methoxy-/3/3-diphenylpropionic acid (23 grams) dissolved it 
glacial acetic acid (100 c.c.) is converted into 3-phenyldihydro- 
coumarin with acetyl chloride (15 grams) on keeping for forty- 
eight hours at the ordinary temperature. The precipitate formed 
on the addition of water contains some unchanged 2-methoxy-fi3- 
diphenylpropionic acid, which is removed by dissolving the pre- 
cipitate in ether and washing the ethereal solution with a 10 pel 
cent, solution of sodium hydrogen carbonate saturated with carbon 
dioxide. The solid left on evaporation of the dried solution 
crystallises from alcohol in stout plates, which melt at 82°, as given 
by Liebermann and Hartmann (Joe. cit.). 

2-w- Dili ydrory-aa-di phcnylpro pane (VII) . 

To a solution of 22 grains of 3 -phenyldihydrocoumarin in 175 c.c. 
of alcohol, 50 grams of metallic sodium are added, and the solu- 
tion is kept at- the boiling point for eight hours, when all Hu 
sodium disappears. The solution, freed from alcohol by steam 
distillation, is acidified, extracted with ether, and the dried ethereal 
extract leaves, on evaporation, an oil, yielding a main fraction, 
which boils at 195 — 204°/ll — 12 mm. On redistillation of this 
fraction, a colourless, heavy oil is obtained, which boils constantly 
at, ] 97 — 199°/ 11 mm. It is soluble in the usual organic solvents 
and does not solidify even on prolonged keeping in a freezm: 
mixture. The yield is 68 per cent, of the theoretical (Found’ 
c — 79 1 ; II -7 3. C|-,H ir p., requires C=78'9; H-7 0 per cent). 

* Dried over paraffin in a vacuum. 
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'o-l' hcnykh roman (111). 

A solution of 16 grams of 2-w dihydroxy-aa-dipheuylpropane in 
100 c.c. of absolute alcohol is heated oil a boiling-water bath, dry 
hydrogen chloride being passed through the solution at intervals. 
The solution is reduced to 20 c.c. and diluted with 300 c.c. of 
water, which causes a heavy oil to separate. The oil is extracted 
with ether, and the ethereal extract washed first with dilute alkali 
and then with water. The dried ethereal extract gives, on evapor- 
ation, an oil, which is dried in a vacuum over paraffin. The sub- 
stance obtained in this way is very readily soluble in the usual 
organic solvents, but by dissolving about one part of the oil in 
about four parts of boiling light petroleum and keeping in a 
freezing mixture of ice and salt, long, prismatic needles are 
obtaiued, which melt sharply at 38-5°. The yield is 78 per cent, 
of the theoretical. The addition of ferric chloride to a suspension 
of 3-phenylchroman in concentrated sulphuric acid produces a 
reddish-violet coloration, even if the substance has been crystal- 
lised several times. Chroman, prepared according to Semmler’s 
method ( loc . c it.), and 1-phenylchroman also give a faint violet 
coloration with ferric chloride and concentrated sulphuric acid. 
These observations are of great interest in connexion with the 
chemistry of catechin, in view of the importance which has been 
attached to the fact that both catechin tetramethyl ether and the 
coumarans give a violet coloration with ferric chloride and con- 
centrated sulphuric acid (compare Kostanecki and Lampe, Ber., 
1906, 39 , 4007; Freudenberg, ibid., 1920, 53 , |/f], 1423) (Found*: 
C=S6'1; II ^6 8. C 1£l Hi 4 0 requires C-85’7; H = G 6 per cent.). 

2 -Hydroxy-aa-diphtnyl propant (IV) , 

Nine grams of 3-plieiiylchroman, dissolved in 150 c.c. of alcohol, 
are heated with 40 grams of metallic sodium, and the alcohol is 
removed with steam. From the fact that, on steam distillation, 
no unchanged 3-phenylchroman was recovered, as observed in the 
case of 1-phenylchroman, it may be deduced that the 3-phenyl- 
chroman nucleus undergoes fission more easily than the 1 -phenyl - 
chroman nucleus. 

The ethereal extract, of the acidified solution leaves, on evapor- 
ation, an oil, which gives a main fraction boiling at 226 — 231°/ 
*3— -14 mm. The pure substance is a viscous, colourless oil, which 
boils at 214 — 216°/5 — 6 mm., and is soluble in all the usual 
wganic solvents. The product does not solidify, even on prolonged 


Dried over paraffin in a vacuum. 
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keeping in a vacuum or in a freezing mixture. The alcoholic 
solution of 2-hydroxy-aa-diphenylpropane turns violet with 
alcoholic ferric chloride. The yield is 71 per cent, of the 
theoretical (Found * : C = 85’2 ; H = 7 8. C 15 H 16 0 requires C = 84'9 ; 
H=7’5 per cent.). 

Diazomethane converts the ethereal solution into the methyl 
ether, the yield being 74 per cent, of the theoretical. It ia a 
viscous, colourless oil, which boils at 176 — 179°/4 — 5 mm, 
(Found*: C = 84-7; H = ST. C 16 H 18 0 requires C-85 0; H=79 
per cent.). 

2 -Hydroxydiphenylacetic Acid (V). 

Five grams of 2-hydroxy-aa-diphenylpropane, dissolved in 100 
c.c. of a 20 per cent, solution of potassium hydroxide in water, 
are oxidised on a boiling-water bath for four hours with 5 grams 
of potassium permanganate in 100 c.c. of water. The solution is 
filtered while hot, and, after cooling, acidified with dilute sulphuric 
acid. The grey-coloured precipitate is not filtered, but the solution 
extracted several times with ether, in which the precipitate dis- 
solves. The dried ethereal extract leaves a solid, which crystallises 
from dilute alcohol, with the aid of animal charcoal, in prismatic 
needles melting at 86 — 87°, as given by Bislrzycki and Flatau 
(Ber., 1895, 28 , 990). The yield is 64 per cent, of the theoretical. 

On heating 2 grams of the acid with acetic anhydride and 
anhydrous sodium acetate, a quantitative yield of 2-phenyl- 
coumaran-l-one is obtained (compare this vol., p. 1155). It 
crystallises from alcohol in prismatic needles, which melt at 
113 — 114°, as given by Bistrzycki and Flatau ( loc . c it., p. 989). 

Neither the melting point of 2 -hydroxydiphenylacetic acid nor 
of 2-phenylcoumaran-l-one was found to be depressed when mixed 
with the corresponding substances which had been prepared accord- 
ing t^ Bistrzycki and Flatau’s method. 


Addendum. 

Marschalk (Ber., 1910, 43 , 1700), at the suggestion of 
Kostanecki, has proposed the names depsan (from 5 «/><*>, to tan) for 
p-benzylcoumar an , iepsanol for leuco-p-benzoylcoumaran, and 
3:5:3': 4'-tetrahydroxydepsanol for catechin. 


O 


/\ 


/ 


CH. 

I * 

CH, 


Depsan. 


Oil O 

HO. HO,<' 

. ! CH(OH)J V/ | 

OH 

Catechin (Kostanecki’s formula), 


* Dried over paraffin in a vacuum. 
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This nomenclature has been freely used by Kostanecki's 
Jlaborators (compare, for example, Bielinki, Diss., Bern, 1911), 
hick is to be regretted, for the following reasons: (1) From Emil 
ischer's well-known researches, the name depside, which is also 
erived from has become definitely associated with a series 

f anhydrides. (2) The name tetrahydroxydepsanol, suggested for 
atechin, indicates that catechin possesses tanning properties, which 
5 not the case (compare Procter, “The Principles of Leather 
Janufactare,” 1903; Perkin and Everest, “The Natural Organic 
Colouring Matters,” 1918). (3) Most of the recent researches 

ioint towards a ehroman formula for catechin, as originally 
uggested by A. G. Perkin (T., 1902, 81, 1172; 1905, 87, 404), and 
le possibility that catechin is a coumaran derivative has become 
rery remote. 

For these reasons, the authors would suggest that the names 
lepsan, depsanol, etc., should no longer be used in connexion with 
latechin. 

The authors wish to express their indebtedness to the Colston 
lociety of the University of Bristol for a grant which has covered 
he expenses of this research. 

Biochemical Laboratory, 

Chemical Department, 

University of Bristol. [Received, November 9th, 1 920.] 


3LXXVIII. — Studies on the Dependence of Optical 
Rotatory Power on Chemical Constitution. Part 
III. 1 : i-Naphlhylenebisiminocamphor. 

By Baiva Kartar Singh and Mahan Singh. 

Ihe highest recorded molecular rotation is that of p-phenylene- 
lisiminocamphor, which has [M]„ 6173° in pyridine (Forster and 
ihornley, T., 1909, 95, 942). 

In the present communication is recorded the molecular rotatory 
lower of another similarly constituted compound, namely, 

4 -naphthylenebisiminocamphor, which is endowed with a far 
ligher rotatory power than any compound hitherto known. 

The marked effect of conjugated linkings on the optical rotation 
lf compounds has already been demonstrated by Rupe ( Annalen , 
fl 10, 369, 311) and Hilditch (T., 1909, 95, 1570). It is further 
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emphasised by the rotation-constants of a series of compound-,, 
similar to the one under discussion, described by Forster (foe. cii., 
and Singh (T., 1919, 115, 19; this vol., p. 980) and their 


collaborators. 

One of the necessary conditions for producing compounds oi 
high molecular rotation appears to be to have within a relatively 
narrow molecular compass the optimum association of unsaturated 
groups. It is brought out very clearly by counting the number oi 
double Unkings in the structural formula; of 1 : 4-naphthylenebis. 
iminocamphor, p-phenylenebisiminocamphor, and 4 : 4'-diphenyleue. 
bisiminocamphor, and comparing the molecular rotatory powers it 
chloroform : 


,c:n 




\-s:c v 
/~\ o:6- 
XS 




sns’ 


Nino double Unkings. 


n XJ >’ :N 't V-NIC „ K 

CsHl, <c:o N '“ / oic^ 8 u 

Seven double linkings. 


6O90 3 


c .h,4J \ 7 / o:c>' 8H “ 

Ten double linkings. 


5360° 


This illustrates the effect of the optimum association oi 
azethenoid groups, conjugated linkings, and benzene rings within 
a given molecular compass. The narrower the molecular compass 
containing a given number of conjugated linkings, the higher is 
the rotation. 

The effect of solvent on the magnitude of rotation oi 
1 : 4-naphthylenebisiminocamphor is remarkable. It is shown in 
the following table : 


i : 4-Naphthylenebisimmocamphor 
p- Phenyl enebisiminocamphor 

Difference 


Chloro- Methyl Ethyl 

form, alcohol, alcohol. Pyridine. 
8175° 0052° 12071° 13416* 

6096* 5009 5289 6173 

2079 4043 6782 7243 


* Forster and Thornley (loc. cit.). 
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Experimental. 

1 : i-Naphthyhnebisiminocamphor. 

When camphorquinone (2 mols.), 1 : 4-naphthylenediamine 
dibydrochloride (1 mol.), and excess of sodium acetate are 
thoroughly mixed, a red colour is developed almost immediately. 
The mixture, after being heated for half an hour on the water- 
bath at 60 — 70°, is extracted with alcohol, and, on diluting with 
water, a red substance is deposited, which crystallises from alcohol 
in rod, rectangular plates melting at 228 — 229° (with blackening). 

It is soluble in pyridine, chloroform, ethyl alcohol, or methyl 
alcohol, and insoluble in ether or water (Found: N = 6'33. 
CjjHjiOjNj requires N = 6»16 per cent.). 

The rotatory power determinations were made by dissolving the 
given weight of the substance in the given volume of the solvent, 
and the following results, without any mutarotation, were obtained. 
The length of the tube was 0-5-dcm. in the ease of pyridine, and in 
the case of the remaining solvents it was 2-dcm. 


Sub- 
stance. Volume. Tem- 

Solvent. Gram. C.o. perature. a„. [M] D . 

Chloroform 0-0213 40 18-1” 1-914° 8157° 

„ 0-0186 100 18-8 0-668 8196 

Methyl alcohol 0 0181 100 18-4 0-732 9052 

Ethyl alcohol 0-0132 100 18-4 0-706 12071 

0-0168 100 18-4 0-905 12239 

Pyridine 0-0122 00 30 0-36 13416 


All attempts to reduce this compound have failed. 

For comparison with the foregoing substance, the following 
measurements were made with p-phenylenebisiminocamphor : 


Sub- 

stance. Volume. Tem- 


Solvent. Gram. C.c. perature. a D , [M]„. 

Chloroform 0-0286 20 24-5° 4-31° 6088' 

Methyl alcohol 0-0357 20 21-7 4-41 5009 

„ 00254 20 21-7 3 15 5005 

Ethyl alcohol 0 0264 20 21-7 3-46 5289 


The Chemical Laboratory, 

Government College, 

Lahore, Punjab, India. [Received, ’November Qth, 1920.] 
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CLXX1X. — The Permeability of Glass to Iodine an,] 
Promine Vapours . 

By James Brierley Firth. 

In a previous communication (P., 1913, 29, 112) the author 
described experiments which showed that ordinary glass is 
permeable to the vapours of iodine and bromine at 360° after fifty 
days, and after two years at the ordinary temperature. 

In the present paper, the results are recorded after tile expert- 
ments have been continued for a further period of seven and a ■ bar 
years, making nine and a-half years in all. 

After two years, the tubes of the second scries were again heatea 
for a further period of fifty days at 360°, and then the tubes of 
both series set aside and examined periodically, 

After a period of nine and a-half years, the silver in the tubs 
of the first series, namely, those which had not been heated, shoved 
no indication of attack by the halogen, but in the case of the tubes 
which had been heated to 360° (100 days in all), the silver in two 
of the tubes showed distinct- attack in the case of iodine, whilst in 
the case of bromine, in this series also, there was no indication oi 
any action on the silver. 

The tubes were then broken up, and the thickness of the walls 
of the bulbs was accurately measured by means of a micromew 
gauge. The silver foil in every case was carefully examined, and 
the presence of silver iodide confirmed in the two cases. 

The measurement of the thinnest part of the bulb is given it 
each case. 

In the first series, the thickness of the bulbs varied in the caa 
of bromine from 0206 lo 0’332 mta., and in the case of iodine 
from 0*204 to O' 338 mm. 

In the second series, the thickness varied from O' 207 lo 
0-364 mm. in the case of bromine and O' 208 to 0* 385 mm. in tfii 
case of iodine. 

In the tubes in which the silver was attacked by iodine, tit 
thicknesses of the bulbs containing the halogen were 0'208 mm. aw 
0'211 mm. respectively, and the conditions (a) vacuum inside auc 
outside, (b) vacuum outside and atmospheric pressure inside, a 1 
the ordinary temperature. 

It should be noted that in the case of the tubes which had l cer 
heated, the iodine condensed on the walls of the bulb as a tbs 
film, whereas in the case of the tubes which had not been heate 
the iodine was in small crystals. 
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The experiments indicate that it is possible for iodine to pass 
through a thin glass partition under certain conditions, but the 
rate of diffusion is exceedingly slow, the iodine taking about nine 
rears to diffuse through a thickness of 0'2 mm. of glass. There 
5 no evidence whatever of the passage of bromine through a similar 
thickness of glass, even after nine and a-half years. 

The experiments do not in any sense support tile explanation 
■A Zengelie for the loss observed in Landolt’s experiments, since 
the time taken in the cases where a positive result has been 
obtained is considerably greater than the duration of Landolt’s 
experiments, and, further, the thickness of the glass penetrated 
would be much less than the thickness of the glass used by Landolt. 

In conclusion, therefore, it may be stated that iodine and 
bromine do not diffuse through a_glass partition under ordinary 
experimental conditions, but only in extreme cases, involving tho 
use of very thin glass over a very long period, does the possibility 
arise. 

The Chemical Department, 

University College, 

Nottingham. [Received, November 1 QiK, 1920.] 


ILXXX. — The Velocity of Decomposition of lliyh 
Explosives in & Vacuum. Dctvt If, Tvuntvo- 
phenylmethylnitroamine ( Te.tr yl). 

By Rorert Chosbie Farmer. 

Tethyl is widely used for explosive purposes, and (he control of 
its stability is of considerable practical importance. On account 
Pf the instability of the nitroamino-group, the compound decom- 
Joses much more rapidly than compounds of the trinitrobenzene 
ype, and may undergo deterioration on storage if not completely 
mrifieil. It was mainly for the control of the manufacture of 
Ptryl that the vacuum stability test described by the author (this 
'°1'> p. 1432) was devised, and this test has been used as the 
tandard method for a number of years. 

A temperature of 120° has been found best for the measure- 
nents ’_ Tetryl is solid at this temperature (m. p. 129°), and gives 
■oruenieut volumes of gas in about two days. The gases consist 
raibon dioxide, carbon monoxide, nitrogen, and oxygen, and the 
CS1 ue * s a complex mixture containing picric acid, etc. The 

3 N 2 
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evolution of gas proceeds with an acceleration, and an arbitrary 
period of forty hours has been taken for the standard test 
Samples of well-purified tetryl give evolutions of 15 to 3 c.c. from 
5 grams of explosive. The reaction is very sensitive to catalytic 
influences, and products containing minute quantities of residue 
impurities decompose much more rapidly. It appears probable 
that one of the main causes of instability is the presence 0 | 
analogues of tetryl containing a nitro-group in the meta-position 
Traces of picric acid may also be present ; this compound has been 
found to decrease the stability greatly. 

The temperature-coefficient corresponds with a factor of 1-g f ot 
each 5°, that is, approximately the same as for most other explosive! 
which undergo gradual decomposition. The logarithms of tie 
velocities give approximately a straight line when plotted agains; 
the temperatures. By extrapolation to ordinary temperature, it 
is found that forty hours at 120° corresponds with about ljflo 
years at 20°. Such extrapolations must naturally be taken with 
reserve, as the decomposition is of a complex nature, and hut 
include reactions the temperature-coefficients of which vary, but 
the result shows that the purified substance is almost free fit® 
any tendency to decompose when stored at ordinary temperatures, 
unless decomposition is induced by contact with any material of i 
reactive nature. 

A point of interest in the study of the stability of tetryl is that 
measurements can be made both above and below the melting 
point. In the case of most nitro-compounds, the velocity of decorr 
position becomes so low at the melting point that measurements 
on the solid compound are scarcely possible. In view of the 
behaviour of many substances of melting with simultaneous 
decomposition, it is instructive to make quantitative tests in the 
solid and the molten condition. When measurements are made on 
the solid substance at different temperatures, a uniform temperi- 
ture-coefficient is obtained. At the melting point, an abrupt 
change takes place in the velocity of decomposition. The effect ol 
the molten condition is to increase the velocity approximately fifty- 
fold. Beyond his point, the velocity again increases uniformly 
with the temperature, as before. When the logarithms of the 
velocities are plotted against the temperature, the measurements 
above the melting point give a straight line, which is appronm- 
ately parallel to the line representing the velocities below t» 


melting point (Fig. 5). 

This great increase of velocity on melting is the main ca® e 
the acceleration in the decomposition at 120°. When a s j$' 
decomposition has occurred, the products of the decomposttw 
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form a eutectic mixture with a part of the tetryl, and this liquid 
portion at once decomposes with the higher velocity. It is always 
observed after testing that the crystals show signs of having been 
partly pelted. This acceleration tends to accentuate the differ- 
ence between tetryls of different initial stability. In the molten 
condition the acceleration is much less marked, and is in this case 
due to auto-catalysis. Pure and impure samples also show much 
less difference in their velocity curves in the molten condition. 

The rapid decomposition of molten tetryl makes it impossible 
to obtain accurate measurements of its freezing point (“ setting 
point "), but the melting point can be determined by the capillary 
method without any appreciable error due to decomposition. The 
purest samples gave a melting point of 1291°. 

The above behaviour on melting formed an explanation of the 
results obtained on mixing tetryl with trinitrobenzene, trinitro- 
toluene, etc. These mixtures decomposed much more rapidly than 
tetryl itself at 100° to 120°. This appeared at first to indicate 
i chemical interaction, but was simply due to the lowering of the 
melting point of the tetryl. The rates of decomposition of the 
mixtures at temperatures above the melting point of tetryl agreed 
*'th thoso of tetryl, whilst at lower temperatures they agreed with 
he extrapolated velocities from the temperature-velocity curve of 
nolten tetryl (Fig. 5). It may therefore be concluded that at 
emperatures below the melting point of the eutectic mixtures t lie 
lability of these mixtures will not differ from that of tetryl alone. 

It was not- possible to test this, as the rate of decomposition of 
etryl can scarcely be measured at temperatures much below 100°. 
n the case of s-trinitro-m-xylene, however, it. was possiblo to obtain 
ueasurements below the melting point of the eutectic mixture, and 
hese agreed approximately with those made on tetryl alone, 
hese deductions have been confirmed by prolonged climatic trials 
f such mixtures at 50°. 

Trinitrophenol caused a great increase in the rate of decomposi- 
iou of tetryl, after making allowance for the lowering of the 
wlting point. As trinitrophenol is a decomposition product of 
etryl, this probably forms the main explanation of the auto- 
atalysis. 

Mixtures of small proportions of nitric and acetic acid did not 
scelerate the decomposition. Probably the acids were removed 
y filiation in the vacuum before they were able to exert any 
ecomposing action. Sulphuric acid, on the other hand, gave rise 
> a very rapid evolution of gas. 

Since the completion of the above work, a few measurements 
we been given by Knowles (/. Ind. Eng. Ghem., 1920, 12 , 246), 
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using a modification of Obermuller’s lest. He gives the gas evolu 
tion as 20 to 30 mm. per hour for commercial tetryls, but tfo 
temperature and the volume of the apparatus are not stated. 

Exp erimental. 

Method of W orking. — This was essentially the same as that 
described in Part I ( loc . cit.). The standard procedure was $ 
follows: The tetryl was dried for four hours in a steam-oven, and 
5 grams were weighed into the heating tube, which was then con- 
nected with the manometer. A mixture of heavy petroleum ah 
ceresine wax was used as lubricant; these ingredients were care- 
fully examined to ensure that they were inert, and the smaller: 
possible quantity of the lubricant was used. After exhaustion. 
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Normal decomposition of tclryls as manufactured (5 grams at 120’) 

the tube was heated for a few hours at 80° to remove any volatu 
matter, and was then again exhausted and flushed out twice wa 
dry air. The exhausted t ube was then inserted ill the bath a: 
120°, and packed round the top with asbestos wool. A periods 
one and a-half hours was allowed for the level of the mercury £ 
the manometer to become steady, and readings were then take- 
over a period of forty hours. For special purposes, such as tfe 
measurement of temperature-coefficients, the above conditions v® 
modified as required. Precautions against explosion were take 
as described in Part I, but no explosion of tetryl occurred in ^ 
whole of the experiments. 

(a) Typical Results of Tetryl as Manufactured and Purified h 
Acetone and Water. A number of these is shown in Fig. !■ ^ 
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jretieral character of the evolution is seen from the curves. A 
marked acceleration occurs, due in part to auto-catalysis, but in 
a greater degree to the progressive formation of eutectics. 
Attempts to determine tho order of reaction serve, therefore, no 
useful purpose. 

Analysis of the gases from three experiments gave the following 
results : 
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CO* 
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23-3 

CO 
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65-3 

660 


These analyses do not take account of (lie nitric peroxide present. 
This was determined spectroscopically, as indicated in experiments 


cited below. 
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Prolonged decomposition (5 grams of t(tryl). 


(b) Decomposition in Air and in a Current of Carbon Dioxide. 

-The velocity of evolution of gas at atmospheric pressure was 
originally used for the comparison of the stability of samples of 
tetryl, but although this formed some guide in the purification of 
(etryl during the manufacture, it was not so trustworthy as the 
vacuum method, and may therefore be passed over. Two experi- 
ments may, however, be quoted in which the decomposition at 
atmospheric pressure was continued until the gas-evolution almost 
ceased. The object of these was to ascertain whether the acceler- 
ation which occurred at first would continue until it culminated 
in an explosion. The thermostat was surrounded by a mound of 
ttrth, and the readings were taken with a telescope. No explosion 
ttcurred, however, and it. was possible fo observe the whole course 
of the gas-evolution. Fig. 2 shows the gas-evolution from 5 grams 
of tetryl at 120° and 125° respectively. Ill the latter case, the 
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gas-evolution ultimately almost ceased, and the total volume of 
gas amounted to 1‘27 mols. per mol. of tetryl. The residue was 
a dark, resinous mass, which did not yield any results on 
crystallisation. 

Will's method ( Zeitsch . angew. Chem ., 1901, 14 , 743, 774), in 
which the explosive is heated in a current of carbon dioxide, was 
also applied to tetryl. Fig. 3 shows the evolution of nitrogen from 
2'5 grams of tetryl at 125° over a period of thirty-two hours. The 
proportion of nitric peroxide was also measured spectroscopically 
by Robertson and Napper's method (T., 1907, 91 , 761). On 
account of the low rate of evolution, a very long observation tube 
was necessary in order to render the spectrum of the nitric peroxide 
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WiU test (2-5 grains of tetryl at 125°). 

distinctly visible. The proportion of nitric peroxide decreased a> 
the evolution proceeded (Fig, 3). 

It is of interest to compare the evolution of nitrogen from tetryl 
and guncotton, respectively, under the conditions of Will’s test. 
A good guncotto. gives approximately T5 milligrams of nitrogen 
in four hours at 125° in a current of carbon dioxide, whereas 
tetryl, when well purified, gives only 0'15 to 0*21 milligram in 
four hours. Its rate of decomposition is therefore only about one- 
tenth that of guncotton. 

(c) Purification of Tetryl . — The application of the vacuum test 
to the control of stability in the purification treatment is fil- 
trated in the following examples. Fig. 4 shows the effect of 
fractional precipitation of crude tetryl from acetone by water, after 
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removing the nitration acids by treatment with hot water. The 
bulk of the tetryl was contained in fraction 2, which showed the 
greatest stability. 


Gas-evolution from 5 Grams at 120°. 


Undissolved residue, Fig. 4 (c) 
First precipitation, Fig. 4 (e) 
Second „ Fig. 4 (£) 

Final ,» Fig. 4 (a) 


Time required for 
evolution of 2 e.c. 

C.c. in 40 

Hours. 

hours. 

4-5 



14-5 

11-80 

34-0 

2-40 

2-5 

— 
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Purification of tetryl 


This was confirmed by the Will test, which gave the following 
evolutions of nitrogen from 2‘5 grams of tetryl in four hours at 
125°; undissolved residue, 3-39; crop 1, 0 51; crop 2, 016; final 
:ro pj 5 *76 milligrams. 

Re-purification of the tailings by the same method gave the 
: oil owing results: 

Crop 1 (5 grams), Fig. i(tn) ... 190 c.c. in 40 hours. 

Crop 2 (5 grams), Fig. 4 (A) ... 2*65 c.c. „ 

Residue (5 grams), Fig. 4 (n) ... 1-80 c.c. „ 

A stable crop of crystals from the acetone-water treatment was 

3 N* 
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further crystallised from alcohol, but this did not decrease the 
rate of decomposition. 

Before crystallisation from alcohol 2-40 c.c. in 40 hours, Fig. 4 (4} 
After „ „ „ 2-80 c.c. „ „ „ Fig. 4 ( g) 

In order to ascertain whether tetryl which had been partly 
decomposed could be restored to its original stability by crystal, 
lisation, the residue from a test after forty-four hours at 120° was 
recrystallised from alcohol. This gave 6‘85 c.c. from 5 grams b 
forty hours at 120°, showing that the harmful impurities had n 0 l 
been removed (Fig. 4, /). 

Crystallisation from toluene was applied to a very impure sample 
and to a sample previously purified by acetone and water. 


Gas-evolution from 

5 Grams at 120°. 




Time required for an 




evolution of 2 c.c. 

C.c. in 40 



Hours. 

hours. 

Unstable sample, 

Fig. 4 (6) . 

2-5 

— 

After crystallisation, 

Fig. 4(d) . 

10*5 

— 

Stable sample, 

Fig. 4 (i) . 

34-0 

240 

After crystallisation, 

Fig. 4 [l) . 

37-0 

2-30 


In some cases it, was found that the stability decreased on crystal- 
lisation, especially from solvents in which tetryl was readily soluble. 
As this could not be due to the introduction of chemical impuri- 
ties, it could only be attributable to the physical condition of the 
substance. The stability was found to be affected by the size of 
crystal, large crystals decomposing more rapidly than small ones. 
This was probably due to the retention of volatile decomposition 
products within the crystals. The slight differences in the m 
of crystals of the tetryl in ordinary use for explosive purposes did 
not, however, afTect the stability appreciably. 

(d) Temperature- coefficient of the Velocity of Decomposition, - 
As the evolution of gas proceeds with an acceleration, it was cod- 


Influence of Temperature on Rate of Decomposition. 


Initial velocity. 




Time (hours) for evolution of 

— 

— , 

Tetryl 

Tem- 

,, 

* 


,, 

C.c. per gram 


Grams, perature. 

0-5 c.c. 

10 c.c. 

2-0 c.c. 

6-0 c.c. 

per hour. 

Log. 

50 

1000° 

141 

— 

644 

— 

0-00071 

4-85 

5-0 

1000 

164 

— 

— 

— i 

0-00061 

4-79 

5-0 

1110 

— 

73 

152 

255 

0-0027 

3 43 

6-0 

1110 

— 

69 

147 

253 

0*0029 


5-0 

120-0 

— 

26 

42 

65. 

0-0077 

3*89 

5-0 

120-0 

— 

23 

37 

— 

0-0087 

3-94 

0-5 

126-8 

60 

7-3 

— 

— 

0-10 

1*00 

0-5 

129-9 

— 

1*35 

2-2 

4-4 

1-5 

0-1$ 

0-5 

134-6 

— 

0-56 

1-09 

2 42 

3-6 

0-56 

0-5 

135-3 

— 

0-42 

0-78 

1-66 

4-8 

0-68 

0-6 

138-6 

— 

0-27 

0-53 

1-19 

7-4 

0-8* 
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idered best to take the initial velocities as the basis for the calcu- 
ation of the temperature-coefficient. Measurements were made 
joth above and below the melting point. 

The lower curve in Fig. 5 shows the logarithms of the velocities 
a relation to the temperature. It is seen that the solid substance 
las a regular temperature-coefficient (approximately equal to 1*9 
or 5°)* At the melting point there is a break in the curve, and 
ibove this point it again proceeds in a straight line. The measure- 
ucnt at 126'8 gave a low velocity at the start, but this increased 
extremely rapidly as the tetryl melted. The difference in velocity 
jetween solid and molten tetryl at 120° is in the ratio of 1 to 50. 

The following table shows the effect of heating mixtures of 
c tryl with trinitrotoluene and other nitro compounds. 


Mixtures of Tetryl with Nitro-com pounds. 


Influence of Temperature. 


Initial velocity. 


Admix* Time (hours) for evolution of 1 

C.c. per gram 


Tetryl. ture. Tem* * 

hams. Grams, perature. 0-5 c.c. 

10 c.c. 

2-0 c.c. 

5-0 c.c. 

of tetryl 
per hour. 

Log. 

Trinitrotoluene mixtures 
50 50 100-0° 


8-5 

14 3 

28-7 

0 023 

2-36 

50 50 1000 

— 

8-5 

14-7 

30-4 

0-023 

2-36 

50 5-0 110-5 

— 

2-6 

4-4 

8-5 

0-077 

2-89 

5-0 5-0 110-6 

— 

2-5 

4-3 

8-3 

0-080 

5-90 

0-5 0-5 120-0 

— 

4-5 

7-8 

14-8 

0-44 

1-64 

0-5 0-5 128-6 

— 

1 23 

2-23 

— 

1-63 

0-21 

0-5 0-5 129-0 

— 

1-41 

2-48 

4-85 

1-42 

0-15 

0-5 0-6 134-0 

— 

0-51 

0-90 

— 

3-92 

0-59 

’rinitrobenzene mixtures 

5-0 2-5 100-0 


10-4 

17-4 

35-0 

0-019 

2-28 

5-0 5-0 110-5 

— 

2-4 

3!) 5 

— 

0-083 

2-92 

5-0 50 110-6 

— 

2-5 

3-92 

— 

0-080 

2-90 

05 0-5 120-0 

— 

4-05 

6-40 

13-2 

0-49 

1-69 

Oa 0-5 135-3 

— 

0-56 

1-00 

2-18 

3-57 

0-55 

’rititroxylene mixtures : 

50 2-5 100-0 124-0 

— 

- - 

— 

0-00081 

4 91 

50 2-5 110-0 

21-5 

36-7 

61-5 

99-0 

0-0047 

3*67 

50 2-5 120-0 

1-86 

... 

-- 

— 

0-054 

2 73 

0-5 0-5 140-7 

— 

0-24 

0-43 

0-99 

8-3 

0-92 

0-5 0-5 140-8 

— 

0-20 

0-38 

0-85 

100 

1-00 

>init-robenzene mixtures ; 

50 5 0 100-0 

__ 

11-1 

16-8 

29-9 

0-018 

2-26 

50 5-0 100-0 

— 

12-0 

18-3 

31-8 

0-017 

2-23 


Fig. 5 shows the relationship between the logarithms of the 
notifies and the temperature. It is seen that above the melt- 


3 N* 2 
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mg point of fetryl (129°) the velocities for tetryl and the ttist^ 
coincide. Below 129° the values for solid tetryl are much ly,^ 
(curve 1). The values for the mixtures with dinitrobenzen^ ^ 
nitrobenzene, and trinitrotoluene are shown in curve 3. 
admixtures lower the melting point of the tetryl and form Ij^j 
mixtures; the velocities of decomposition correspond, therein 
with those of molten tetryl, and their logarithms lie appro®* 
ately on a straight line forming an extrapolation of the values |« 
molten tetryl. 

In the case of trinitroxylene, the eutectic is almost complete 
solid at 100°, and here the velocity becomes nearly equal to tk 
of solid tetryl (curve 2) . Measurements on the trinitrotoluene m 


Flo. 5. 



trinitrobenzene mixtures were not taken below the eutectic ail- 
ing points, but prolonged climatic trials at 50° indicated that w 
little decomposition occurred in a year at this temperature. 

A noticeable feature of the mixtures of tetryl with trait® 
benzene (and to a less extent with trinitrotoluene) was that, a 
cooling to the ordinary temperature after melting, they remain 
very persistently supercooled, forming viscous, dark, reddish-bra* 
colloids. The trinitrobenzene mixtures crystallised only a® 
several days. 

Various tetryls were mixed with trinitrotoluene to ascertai 
whether tests at 100° would be of value in discriminating betwM 
pure and impure samples. This method was, however, of relative 
little value as compared with the direct test on solid tetryl at 
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; In all cases, the acceleration of the decomposition is much greater 
^ the solid condition, in consequence of the progressive melting 
jue to the decomposition. This is shown in the following table. 


Acceleration in the Decomposition of Tetryl. 



Tetryl. 

Grams. 

Tem- 

perature. 

Initial 

velocity. 

Mean velocity from 
2 c.c. to 5 c.c. 

Ratio. 

>lid 

C-0 

111-0° 

0-0027 

00058 

2-1 

6-0 

111-0 

00029 

00057 

2-0 


5-0 

120-0 

0-0077 

0026 

3-4 

iquid 

0-5 

129-9 

1-5 

2-7 

1-8 

0-6 

134-6 

3-6 

4-5 

1-3 


0-5 

135 3 

4-8 

6-8 

1-4 

„ 

0-6 

138-0 

7-4 

91 

1-2 


This was confirmed by the Will test in a current of carbon 
ioxide. Thus the values at 125° were as follows: 


First 4 hours : 

Second „ „ 

Third „ „ 

Fourth „ „ 

Fifth „ „ 


0*21 milligram nf N* per 2-5 grams of tetryl. 
0*53 „ „ „ 

2-25 milligrams „ „ 

6-28 »» 

13-39 „ 


(e) Reactions of Tetryl . — Nitric and acetic acids in small pro* 
orlion did not affect the velocity of evolution materially. In 
eueral, acids accelerate the decomposition, but these acids, being 
riatile, were probably removed by the vacuum before they had 
rae to exert any catalytic action. 


Gas-evolution at 120°. 

20 hours. 40 hours. 

Tetryl, 5 grams 
Tetryl, 5 grams 
Nitric acid, 0-01 gram 
Tetryl, 6 grams 
Acetic aoid, 0-01 gram 

Sulphuric acid, on the other hand, being non volatile, accelerated 
ie decomposition very greatly. Even at 80° a marked evolution 


1 gas occurred. 

Gas-evolution at 80°. 




20 40 60 

80 

100 

itryl, 5 grams 

hours. hours. hours. 

hours 

hour#. 

ilphurlc acid, 0-01 

gram) 1,60 2-70 3-55 

4-15 

4-45 

Picric acid also 
ith tetryl. 

gave rise to a rapid evolution of gas when mixed 


0-95 

2-70 

0-85 

2-38 

0-83 

2-33 
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Tetryl, 5 grams 

Tetryl ... 4-5 grama 

Picric acid 0-5 gram 


Tem- 

i 

20 

40 

60 

80 

loo 

perature. 

hour. 

hours. 

hours. 

hours. 

hourg. 

hour,, 

... 120° 



0*60 

1-25 

3-50 

8-50 


... 100 

__ 

015 

0-20 

0-25 

0-30 

0-35 

... J20 

0-85 

— 

— 

— 

— 


... 100 

— 

1-60 

3-90 

6-40 

9-20 

12-35 

... 60 

— 

— 

— 

— 

— 

0-02 


Some allowance must be made for partial melting of tho tetri 
containing 10 per cent, of picric acid, but, apart from this, ti, 
picric acid certainly affected the stability adversely. Picric a® 
was found to be a decomposition product of tetryl, and this, 
doubtless one of the causes of the auto-catalysis which is observed. 

The influence of some other admixtures is shown in the follori^ 
table. These all formed liquid mixtures with tetryl at 100°, and 
on this account, the velocities should be compared with that of i 
mixture of tetryl and trinitrotoluene rather than tetryl alone. 1 : 
the case of p-dichlorobenzeue, the liquefaction was probate 
incomplete. 

Gas-evolution at 100°. 


Hours required for ..... , . 

evolution of Initial velocity, 


Totryl 

fi grams ) 

1 c.c. 

5-6 

2 c.c. 

90 

3 e.c. 
171 

of tetryl per how. 
0-030 

Nitrobenzene 

0 ) 

6-8 

10-3 

18-6 

0-029 

Tetryl 

6 „ 1 

170 

25-0 

42-0 

0012 

-Dichlorobenzone 

Tetryl 

5 „ ) 
5 „ 1 

2-7 

61 


0-074 

Diphenyl ether 

5 „ J 



Summary. 

The velocity of evolution of gas in a vacuum at 120° form: 
useful method for the control of the stability of tetryl in the mar. 
facture. The effect of purification and of various admixture; 
shown. The temperature-coefficient of the decomposition of sw 
tetryl is 1'9 for 5°. At the melting point, an abrupt change; 
the velocity is observed, the molten tetryl decomposing about Sit 
times as rapidly as the solid. The acceleration in the decomps 
tion of tetryl at 120° is to a great extent due to progressive m: 
ing. Admixt; res which lower the melting point also give a nf 
evolution, apart from any chemical action which they may ad 

The thanks of the author are due to the Director of Artillff 
for permission to publish the above results. 

Research Department, 

Royal Arsenal, 

Woolwich. [Received, November 13I», 
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By Rovston Basbv Drew. 

h tbe mixture of trinitrotoluenes obtained bv the d- 

,17*6 iFT ? , W ° rkerS ^ ide "rifi-l only 0 H 
Mid 3:4: 6-tnmtrotolueues of th« ««• -l . y ' 4 1 b ’> 2 : 3 : 4-, 

and Giro (Zeitsck. g ts , Schitss. v ° ,8 °! nerides - ^olinari 

claimed to have isolated the 2 • 3 • 6 p 1914, 9, 239) 

*** *7 assigned a 

(this vol, p. 876), and found t ’ m J a ”j, *' ,li Ta y ,OT 

lavs suggested that Molinari and r;» a 'e ’ , atter autl “n> 

a molecular cotnpound of 2 3 4 ZTST?-™ 

Will (Ber 1914 47 7m . d '4 ^-trinitrotoluenes. 

f »**** »f 2:3- and 
tion are 2:3:4- and 3 : 4 Until ** ° f thair ^ a - 
evor, Marqueyrol, Koehler, and Jovin TfL/T "T*' 7 ’ imV ' 
P V 1 27 > m have obtained a third (rinit It i0C -. **£■ 1920 > 
the 2:3:4- and 3 : 4 ; 6 -oomoound, f 1 ^ “ addltion to 

toluene. Their results are ineomnl’ete ™ of m-nitro- 

the compound, but, as they found itvnf Z ^ UOt identified 
in the nitration of 2 : 3 -tnd 0.5 (or * a ™ aI1 amOT »t. 

conclude it must be either the 2:3 6 - or the oTs t ' 

‘twe. The present author, prenous 

Marqueyrol, Koehler, and Jovinet’s results h t • pubhcatl<>n o£ 
litration of 2-3 and 1 c J- n 1 ’ ba(1 investigated the 

ass the P odu! "tain f r f° UeneS ’ “ d f ° Und fchat 

toluene. * ^ aboUt 15 ^ ^ °f 2 : 3 : 6 -trinitrc 


‘"Lt" *? ““ ‘ «»■ -«»■ 

conditions ■ZdO^t * ° f t0lUenB under th « *m1 

half the n’r dJ- fUrtier mtrat,on of this compound about 

t ture ;i 2:3 - “ a 2:5 ^^ ab t 

binene “ opnor i ™?' 3 ^ ° f 2 : 3 ^-trinitrol 

amount from 0 „lm ^ arisen to iso!atB «*• »»«ll 

Further niIBerelaI samples of trinitrotoluene. 

been devised which'''^^ 2 : 3 : ^“trotoluene has 
Contardi (l 0 c dt f “aT® tban that described by Korner and 
•), and starts from tnmtro-m-cresol ; this is more 
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readily obtainable than the 2 : 6-dinitrotoluene required in Brad, 
and Taylor's synthesis ( loc . cit.). The reactions involved are ^ 
follows : 


Me Me Me 



Methylpicramic acid, obtained by the reduction of trinitron. 
cresol, has been oriented only indirectly by Borsche and Heyde 
(Her., 1906, 39, 4092), and the above synthesis fully confirms the 
view of these authors. 


Expebimental. 

Nitration of 3 : 6-Dinitrotoluenc .—, Forty grams of 3 : 6-dinitro- 
toluene were added to 250 c.c. of a mixture of sulphuric and nitric 
acids (HNO s — 17'5; H s S0 4 = 78; H 2 0~4’5 per cent.). The mis- 
ture was mechanically stirred, and the temperature raised to SO 5 
and kept at that point for an hour, when the temperature was 
raised to 100° for a further two hours, and finally to 120° for 
fifteen minutes. The mixture was then cooled and poured into 
water, the solid collected, and washed repeatedly under water will 
the injection of steam until free from acid. 

The freezing point of the product after drying was found ti 
be 95 '4°, as against 103° for pure 3 :4 : 6-trinitrotoluene. The 
mixture was recrystallised from acetic acid to remove most of the 
3 : 4 : 6-trinitrotoluene, and, by diluting the filtrate, a mixture 
richer in 2 :3 : 6-trinitrotoluene was obtained. Attempts were 
mado to separate this mixture by crystallisation from various 
solvents, but without success, a mixture melting constantly at 78’ 
being obtained. A portion was treated with alcoholic ammonia in 
the hope that it would be possible to separate the corresponding 
dinitrotoluidines, but an oily, intractable product was obtained. 
A successful separation was ultimately brought about by the action 
of hydrazine hydrate. It had been observed by Brady fprwtt 
communication ) that hydrazine hydrate reacts readily with 2:3:4- 
and 3 : 4 : 6-trinitrotoluenes, giving red, crystalline compounds 
sparingly soluble in alcohol. It has been found that 2.3.6-tn 
nitrotoluene behaves in a different manner towards this reagent- 
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which can therefore be used to effect a separation. The mixture 
0 f 3:4:6- and 2:3: 6-trinitrotoluenes was dissolved in methyl 
alcohol, a solution of hydrazine hydrate added, and the mixture 
warmed on the water-bath for some time. On cooling, the red 
precipitate was collected and fractionally crystallised from alcohol, 
and from the more readily soluble portion a colourless compound 
was isolated, which was identified as 2:3: 6-trinitrotoluene by the 
method of mixed melting points with a sample of this compound 
prepared by Brady and Taylor's method. 

Nitration of 2:3-Dinitrotoluene . — This was effected in an 
exactly similar manner to the nitration of 2 : 6-dinitrotoluene. 
The product had a freezing point of 100°, as compared with 112° 
in the case of pure 2:3: 4-trinitrotoluene. The separation was 
brought about by means of hydrazine hydrate, and the 2:3: 6-tri- 
nitrotoluene isolated and identified. The approximate amount of 
2 : 3 : 6-trinitrotoluene present in the mixtures obtained by the 
nitration of 3:6- and 2 : 3-dinitrotoluenes was determined by 
making up mixtures of pure 3:4:6- and 2:3: 4-trinitrotoluenes 
with 2:3: 6-trinitrotoluene, and determining their freezing points. 
It was found that these corresponded with the freezing points of 
the products of nitration when about 15 per cent, of the 2:3:6- 
compound was present. 

2 : b’Dinitro-m-cresol . — This was prepared from 2 : 6-dinitro-4- 
amino-m-cresol. The method given for the preparation of this 
compound by Kellner and Beilstein (Annalen, 1863, 128 , 166) did 
not give good yields, so a modified method was adopted. Twenty 
grams of trinitro-m-cresol were dissolved in 50 c.c. of boiling 
methyl alcohol, and 200 c.c. of 15 per cent, ammonium sulphide 
slowly added. Vigorous action took place, and, when it subsided, 
the mixture was cooled, diluted, and acidified with hydrochloric 
acid. The sulphur was filtered off, and the filtrate evaporated to 
small bulk. On keeping, the 2 : 6-dinitro4-amino-ra-cresol 
separated, and was crystallised from alcohol with the addition of 
animal charcoal. It was found that the usual method for the 
removal of the amino-group by the action of sodium nitrite on a 
boiling alcoholic solution of the amine containing sulphuric acid' 
did not give good results with this compound, owing to the stability 
of the diazo -compound formed; accordingly, the following method 
was adopted. 

Ten grams of 2 : 6-dinitro-4-amino-77z-cresol were dissolved in 
”0 c.c. of hot alcohol, 20 c.c. of concentrated hydrochloric acid 
added, and then, gradually, 10 grams of sodium nitrite dissolved 
111 a minimum amount of water. As soon as the reaction ceased, 
the mixture was cooled and the precipitate collected. There was 
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thus obtained a stable, greenish-yellow, crystalline material, which 
deflagrated on heating, and was probably the diazo-oxide corre- 
sponding with that obtained from picramic acid. This compound 
was treated with 30 c.c. of concentrated formic acid, and a small 
quantity of copper powder added, when a violent reaction took 
place, nitrogen and carbon dioxide being evolved. After filtering 
from the copper and diluting the filtrate, an oil separated, whid 
slowly crystallised ; the crystals were pressed on a porous tile and 
recrystallised from benzene, when 2 : 6-dinitro-m-cresol separated 
as a white, crystalline compound melting at 133° (Found : N = 14'l 
C 7 H 6 O s N 2 requires N = 14'l per cent.). 

2 : 6-l)initro-m-tolyl Methyl Ether.— -The ammonium salt oi 
2 : 6-dinitro-m-cresol was prepared by dissolving the cresol jj 
alcoholic ammonia and evaporating the solution on the water- 
bath until crystallisation took place on cooling. The filtered 
crystals were dissolved in the minimum amount of alcohol, and the 
calculated quantity of alcoholic silver nitrate was added, when 
the silver salt separated in lustrous, grey crystals, which deflagrate 
violently on heating. Five grams of the silver salt were added to 
a solution of 5 c.c. of methyl iodide in alcohol, when immediate 
action took place, and, after removal of the silver iodide, the solu- 
tion was diluted and the precipitated 2:6-dinitro-m-tolyl mefljl 
ether crystallised from alcohol, when it was obtained in white 
needles melting at 115° (Found: N = 13'4. C 8 H 8 0 5 N 2 requires 

N = 13'2 per cent.). 

2 : 6-Diritro-m-toluidine and 2:3:6 -Trinitrotoluene. Five grams 
of 2 : 6-dinitro-m-tolyl methyl ether were heated to 130° with 5 c.c. 
of ammonia and 20 c.c. of alcohol. On cooling and diluting, 
2 : 6-dinitro-m-toluidine was precipitated, and identified by tie 
method of mixed melting points with a sample of this compound 
prepared by Cook and Brady (this vol, p. 750). 2 : 6-Dinitro-m- 

toluidine can be converted into 2 : 3 : 6-trinitrotoluene by Komffl 
and Contardi’s method (loc. cit.). 

The author wishes to express his thanks to the Director oi 
Artillery for permission to publish this work. 

RESEARCH DEPARTMENT, 

Royal Arsenal, Woolwich. [Received, October 261 h, lU-O,. 
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CLXXXII .— Hyenanchin and other Constituents of 
Hyenanehe globosa. 

By Thomas Anderson Henry. 

tfyenanch-e globosa, Lamb (Toxicodendron capense , Thun), is the 
sole member of a genus of the natural order Euphorbiacete, and 
in distribution is confined to South Africa. The name of the 
plant is said to have originated lrom the use of the seeds in South 
Africa as a poison for wild animals, especially hyenas. 

In 1858 Henkel obtained, by fractionation of a concentrated 
alcoholic extract of tho fruits, a syrupy preparation, which proved 
to’ be highly toxic (Arch. Phann.., 1858, 144 , lfi). Engelhardt 
subsequently prepared the toxic constituent, which he named 
hyenanchin, in a crystalline condition, but, beyond stating that 
it was neither an alkaloid nor a glneoside, made no attempt to 
characterise it ( Arb . phann . Inst. Dorp., 1892, 8 , 5). Shortly 
afterwards, E. Merck (Merck's Ann. Report, 1895, 123) pointed 
out that if the observation, made by Henkel and by Engelhardt, 
that hyenanchin exerts a strychnine-like action on the brain, but 
is without action on the spinal cord, is trustworthy, the substance 
might be of some therapeutic value as a substitute for strychnine 
in cases where cerebral action alone is required. 

For a supply of the plant, the author is indebted to Mr. I. B. 
Pole Evans, Chief of the Division of Botany, Department of 
Agriculture, Pretoria. 


Experimental. 

Tho material used included stems (1 kilo.), leaves (2 kilos.), and 
fruits (4 kilos.). Each of these parts of the plant was extracted 
separately with chloroform in a continuous, hot percolation 
apparatus, yielding, in the case of the stem and leaves, a hard, 
dark green wax, and in that of the fruits a neutral, dark yellow 
oil, which was not examined in detail. Extraction was continued 
with hot 95 per cent, alcohol, and the liquid concentrated to a 
thin syrup, which was poured into five volumes of water, causing 
the separation of sparingly soluble tannin containing a small 
amount of a yellow colouring matter. Tho filtrate, after purifi- 
cation with lead acetate in the usual manner, was concentrated 
under reduced pressure to a viscid syrup, which was then extracted 
repeatedly with an equal volume of ethyl acetate until it was free 
from bitterness and no longer toxic. The brown, sticky residue 
left on distilling off the ethyl acetate was dissolved in three times 
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its weight of water and set aside, when, after some weeks, a bitter 
poisonous, crystalline material separated. Mere traces of this 
were obtained from the leaves and stems, and only 6 grams fro® 
the fruits (0-15 per cent.), but this does not represent all that is 
present, as the mother liquor was still toxic and intensely bitter, 
and in the case of the fruits a further 1'7 grams (making a total 
yield of 019 per cent.) were obtained by repeating the treatment 
with ethyl acetate. 

This crude material could only be recrystallised by adding it 
to fifty times its weight of boiling water and filtering rapidly, 
when, on cooling, there separated a crop of slender, colourless 
needles. Slight concentration of the filtrate gave a further crop 
of the same substance, and reduction of the mother liquor from 
this crop to half its original volume led to the separation of a 
second substance, crystallising in short, colourless, hexagonal 
prisms, of which more was obtained by further concentration. 
This second substance forms about two-thirds of the original 
crystalline material, and it is proposed to apply to it Engelhardt’s 
name, hyenanchin ; as the substance crystallising in needles is an 
isomeride of this, it may appropriately be called \%ohyenanchin. 

Hyenanchin. 

This substance, isolated as described above, and purified by 
repeated recrystallisation from boiling water, has no melting paint, 
but when heated becomes yellow at 200°, then darkens, and finally 
decomposes sharply, with effervescence, at 234°. It dissolves in 
water to the extent of ITS per cent, at 15°, is more soluble ill 
boiling water, and sparingly so in alcohol, butyl alcohol, ethyl 
acetate, or acetone. It. has [a] 1 ,? + 14-7° in water (Found : C = 58-2, 
58-3, 58-05, 57-9; H = 6 03, 6 01, 6-4, 6’3. Loss at 110° in a 
vacuum, nil. C 15 H I8 0 7 requires C = 58'06; H=5'8 per cent.). 

Hyenanchin contains no nitrogen, reduces Fehling's solution on 
boiling, and silver nitrate solution on gently warming or on keep- 
ing in the cold, decolorises permanganate immediately, and gives 
an amorphous, yellow precipitate with bromine water. Boiling 
dilute hydrochloric acid converts it into an amorphous, brown sub- 
stance, which give-, a characteristic, orange-coloured, amorphous 
precipitate with phenylhydrazine in the cold. No sugar is pro- 
duced, On warming with alkalis, hyenanchin furnishes a distil- 
late containing a minute quantity of a substance, which gives the 
iodoform reaction, reduces Fehling’s solution, and furnishes a senu- 
carbazone, crystallising in short, colourless needles, and decom- 
posing at 200°, which may be acetolsemicarbazone, C 4 H 9 O s N 8 
(decomp. 195—200°) (Found: N = 31T2. Calc.: N = 32 06 per 
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cent.). ^ specimen of acetolsemicarbazone, prepared under similar 
conditions, and without recrystallisation, gave N = 30'8 per cent., 
and a mixture of the two decomposed at 198°. No derivatives of 
hyenanchin with hydroxylamine, phenylhydrazine, or semicarb- 
azide could be obtained. 

Action of Baryta . — Although hyenanchin is not acid to 
indicators, it- neutralises alkalis, but its titration presents diffi- 
culty, owing to the ease with which it becomes coloured and decom- 
poses in presence of alkalis. If a solution of hyenanchin to which 
excess of baryta has been added is warmed or kept for several 
days, it becomes brown and turbid, the latter due to the gradual 
separation of barium carbonate. By dissolving it in N /5-baryta 
and at once titrating with N / 5-sulphuric acid in the presence of 
phenolphthalein, a fairly satisfactory end-point is obtained 
(Found: Ba(OH) 2 required for neutralisation, 55-2, 55*05 . Calc, 
for two C0. 2 H groups, 55 ’3 per cent.). 

On evaporating in a vacuum the filtrate from the barium 
sulphate formed, barium carbonate is gradually deposited, and 
the filtrate from this yields, on complete evaporation in a vacuum, 
a nearly colourless varnish, which appears to consist chiefly of a 
barium salt of a monocarboxylic acid, since it yields on addition 
of excess of N /5-sulphuric acid 29 8 per cent, of its weight of 
barium sulphate (C^H^O^Ba requires BaS0 4 = 31'5 per cent.). 
The corresponding acid , obtained by adding the calculated quantity 
of N /5-sulphuric acid to an aqueous solution of this salt and 
evaporating the filtrate to dryness in a vacuum, is a colourless 
varnish, which is readily soluble in water, and reduces Fehling’s 
solution on boiling and ammoniacal silver nitrate in the cold. The 
acid does not regenerate hyenanchin on drying, even at 150° in a 
vacuum. 

These results indicate that hyenanchin is probably a dilactone, 
convertible by the carefully regulated action of weak alkali into 
the corresponding dihydroxydicarboxylic acid, C^H^Oq, which is 
unstable and readily loses one carboxyl group, 

Action of Acetic Anhydride . — When hyenanchin is heated 1 with 
acetic anhydride at 100°, most of it crystallises out unchanged on 
cooling, but if a drop of pyridine be added and the heating con- 
tinued, it is converted into a soft, sticky resin, from which with 
great difficulty there can be separated, by repeated crystallisation 
from dilute alcohol, a small yield of crystalline material consisting 
of at least three substances : (a) cream-coloured needles, softening 
at 136° and finally melting and decomposing at 169° ; (6) colour- 
less needles, m. p. 126°; (c) colourless, short needles, m. p. 104°. 
Only a few centigrams of each of these substances were obtained, 
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so that they could not be satisfactorily purilied for examination, 
but it is probable that only the second is a true acetyl derivativs 
of hyenanchin (Found: C — 56 7, 57 'Oil ■ H=5'7. C 15 H 17 0 7 Ac and 
C 15 H w O ; Ac 2 require C = 57-9; 11^56 per cent.). 

is ollyenanchia. 

isollyenanchin crystallises from boiling water in long, slender 
needles with a silky lustre, has no melting point, but becomes 
brown at 245° and decomposes sharply, with effervescence, at 299°. 
It dissolves in water to the extent of 026 per cent, at 15°, is some- 
what more soluble in boiling water, and less so in alcohol or ethyl 
acetate, [a]}? — 61’3° in water (Found: C = 58'08, 58’25; H=5'9i, 
6'16. Cj 5 H ls 0 7 requires C=58 06; H = 5'80 per cent.). It reduces 
Fehling’s solution on boiling and anunoniacal silver nitrate in the 
cold. 

Action of Baryta. — isollyenanchin dissolves immediately in 
excess of iV/o-baryta solution, forming a solution, which only 
becomes slightly yellow after remaining several days at 0°, and 
under these conditions combines with sufficient baryta to neutralise 
one carboxyl group (Found, on immediate titration, 29*8; after 
three days at 0°, 29 2. Calc, for one COJI group, 27'7 per cent.), 
On again adding excess of Xf 5-baryta solution and boiling gently 
for a few minutes and titrating back, baryta equivalent to a 
second carbo-xyl group is found to have been absorbed (Found: 
25-9. Calc.: 27-7 per cent. Total for two CO,H groups = 55'4. 
Calc.: 55-3 per cent.). A second estimation, made by heating 
fsohyenanchin with excess of A'/5-baryta solution for one hour at 
100° and titrating back, gave 56'2 per cent. The filtrate from 
these estimations, on concentration, behaved like the similar pre- 
paration from hyenanchin (p. 1621), and gave as a final residue an 
amorphous barium salt, yielding 29Tper cent, of barium sulphate 
on precipitation with il / 5 -sulphuric acid. 

Physiological Action of Hyenanchin and isoHycnanchin. 

The author is g. sally indebted to Dr. J. Trevan, of the Well- 
come Physiological Research I .aboratories, who kindly undertook 
the examination of a series of preparations of Uyenunchc, awl 
finally of the pure substances isolated. Dr. Trevan reports that 
hyenanchin has a physiological action almost identical in kind with 
that of picrotoxin, but is much weaker, isollyenanchin, on the 
contrary, is not toxic in such doses as can be injected intra- 
venously. 
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Relationship of Hyenanchin and iso Hyenanchin to other 
N on-nitrogenous Convuhant Poisons. 

The reactions described above and the physiological action of 
Jrenanchin indicate that the latter belongs to the group of con- 
vulsant, non-ni trogenous poisons, of which picrotoxinin, C ir ,H 16 O c 
(m p. 206*5°, [a]u +4°40 / in alcohol), coryamirtin, C 1;V H lg 0 5 
(in p. 225°, dextrorotatory), and tutin, C 17 H 2(l 0 7 (m. p. 203—209°, 
[a] + 9’25° in alcohol), are the only well-defined members known. 
Associated with picrotoxinin in the molecular compound, picro- 
toxin, Cyisj0 13 , is the substance, picrotin, t' l5 H ls 0 7 (m. p. 
■'45--246 0 , [“lo -55'2° in water), which is not toxic. Picrotoxinin 
and picrotin are both dilactones, and are now believed to contain, 
respectively, one and two hydroxyl groups, the function of the 
sixth and seventh oxygen atoms, respectively, being still unknown 
(Herrmann, Annul en, 1916, 411, 273). Both these substances 
vield small quantities of acetone on distillation with alkali. 
Picrotin is isomeric with hyenanchin and isohyenanchin, and in 
many ways is very similar to the latter. The two have therefore 
been carefully compared, and found not to be identical, the chief 
differences being that picrotin has a definite melting point and 
is completely converted into the corresponding dicarboxylic acid 
hy baryta in the cold, whilst; isohyenanchin has no definite melt- 
ing point, and is converted into the corresponding dicarboxylic 
acid by baryta in two well-defined stages. A mixture of both 
substances begins to sinter at 225°, which is well below the melt- 
ing and decomposing points of the two components. A number 
of substances of the formula C,-H, s O ; have also been prepared 
from picrotoxinin and picrotin (compare Horrmaun, loc. cit.), 
namely, picrotin-lactone (338°, decomp.), picrotoxic acid (m. p. 
230—231°, [tt] D + 81'7°, crystallises with 2H,0), a-picrotoxinic 
acid (in. p. 209°, [«]„ -48°), and 0-picrotoxinic acid (m. p. 235°, 
fa] D -48°). None of these closely resembles either hyenanchin or 
/•whyenanchin. 

Subsidiary Constituents of Hyenanchc globosa. 

Examination of the Wax. Isolation of a New Phytosterol and 
a jYfw Wax Alcohol. 

The dark green wax from the leaves and stems was mixed with 
an equal weight of animal charcoal, and extracted with boiling 
ethyl acetate, yielding a greenish-yellow solution. This, on cool- 
ing. deposited a mixture of two substances, which were separated 
by heating the solution to boiling and adding enough ethyl acetate 
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to keep both substances dissolved at 35°. On keeping, the liquid 
then deposited gelatinous granules, which filtered with difficulty 
and, on drying in the air, formed a pale brownish-green, hornr 
mass. This was purified by distillation in a vacuum and recrystal, 
lisation from ethyl acetate, when it formed colourless masses of 
minute needles melting at 82 — 83° (corr.). A number of solid 
alcohols melting near this temperature are known, but all of them 
differ slightly in composition and most of them in crystalline fora 
from hyenanche alcohol, and of those tried, ceryl, myricyl, and 
wheat* alcohols, all depressed the melting point. It is readih 
soluble in chloroform, boiling ethyl acetate, or alcohol, and spar 
ingly so in ether, does not combine with bromine, and appears to 
be a new saturated alcohol of the formula (Found, it 

substance dried at 60° in a vacuum: C — 81*02, 81*27, 81*191: 
H = 13*5, 13*55, 13*89. f CyS^O requires C = 81*3; H = 14*l pei 
cent.). 

When boiled for several hours with acetic anhydride in presenco 
of pyridine, it yields an acttyl derivative, which is readily hydro- 
lysed on recrystallisation from most solvents, hut separates from 
acetic anhydride in soft masses of colourless needles melting at 
75° (corr.) (Found: C = 78*8; H = 13*0. C 26 H 52 0» requires 
C = 78*7 ; H = 13'l per cent.). 

Carnaubyl alcohol, which also has this formula, crystallises in 
leaflets (m. p, 68 — 69°), and is quite distinct from the alcohol of 
H. globosa. The other known alcohols of this formula are either 
liquid or of much lower melting point than Ilyenanche alcohol. 

The filtrate from the alcohol on concentration deposited a second 
substance, which, after repeated crystallisation from boiling ethyl 
acetate, forms long, lustrous needles melting at 265° (corr,), is 
readily soluble in chloroform or boiling ethyl acetate, and spar- 
ingly so in alcohol, even on boiling (Found : 0=83*66, 83*95: 
H = ll*35, 11*66. CyEyO requires C=84*4; H = ll*55 per cent.) 
[a]' D 5 -22*4° in chloroform. 

It gives a typical phytosterol reaction with sulphuric acid in the 
presence of acetic anhydride, and furnishes a monoacetyl deriv- 
ative, crystallising from hot ethyl acetate in small, spheroidal 
masses of colourless needles melting at 244° (corr,) (Found: 
C=81*12; H = 10*96. CyijA requires 0=81*8; H = 10*9 per 
cent.). • 

This substance appears to be a new phytosterol belonging to tie 
series represented by the general formula C»H 2n _ 10 O, of which at 
least eight are now known, beginning with alcornol, 

* For a specimen of this alcohol the author is indebted to Mrs. M, T. El i! 
(Biochem. J„ 1918, 12, 160). t Regenerated from acetyl derivative. 

* 
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(Hartwicli and Dunnenberger, Arch. Pharm., 1900 238 3481 
a „d terminating will, amyrin, C^O (Windaus 'and Welsch 
-ML, 1908, 246 o06). The new phytosterol is exceptional in this 

* rie ? “ t bel “ g teV i 0r0tato ry “<* in giving an acetyl derivative 
ranting at a lower temperature than the parent substance but in 
all other respects it resembles other members of the series," 

Isolation of a New Yellow Colouring Matter. 

The colouring matter was obtained in small amount (total M 
gtams crude, 10 gram pure, from all three sources) by extracting 
the sparingly soluble tannin (p. 1619 ) witi boili d ' ^ « 

was recrystallised from alcohol, from which it separated on’ slow 
evaporation in niicroscopie yellow needles, which became brown 
at 200 , and finally melted and decomposed at 270 -280° It i 
moderately soluble in alcohol, sparingly so in ether, and insoluble 
m chloroform. The solution in alcohol gives a brownish-black pre 
cipitate with ferric chloride (Found: C = 62'43, 62-1 * 62-1 *■ 
H=4 4, 4'4* 4-25.* Loss in a vacuum at 100° 10-08 ’ C H n" 
requires C = 62-5; U-4‘16. C 15 H E 0 6 ,2H 2 0 requires loss 1H 

per cent,). 

, The °° louriB « matter furnished an acetyl derivative, crystal- 
lising from hot alcohol in masses of cream-coloured needles melt- 
ing at 234—236° (decomp.; corr.) (Found: C=63'4 ; H = 4-0 
Loss at 60° in a vacuum, nil). On regeneration with hydrochloric 
acid in the presence of hot acetic, acid, the acetyl derivative yielded 
11-3 per cent, of colouring matter identical with the original sub 
stance. Sulphuric acid could not be used for this purpose as it 
appeared to convert the colouring matter into a soluble sulphonic 
acid (compare A. G. Perkin, T„ 1899, 75, 448). These results 
indicate that the acetyl derivative should be represented by the 
formula C 13 H 7 0 5 Ac 3 (requires C = 63-6; H=4-04; colouring matter 
/ 1 per cent -)’ whlch is a triacetyl derivative of the parent sub- 
stance, less one molecule of water. The reactions of the colour- 
ing matter indicate that it belongs to the flavone group, in which 
! o loss of a molecule of water on acetylation does not appear to 
ave been recorded previously, except doubtfully in the case of 
orm (A. G. Perkin, loc. ait.). Unfortunately, the small amount 

a erial available precluded further investigation of this and 
otner points. 

Wellcome Chemical Research Laboratories. 

[Received, Nove?nber 26 th, 1920.] 
Regenerated from acetyl derivative. 
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AUGUSTUS GEORGE VERNON HARCOURT.* 

Born December 24th, 1834; Died August 23rd, 1919. 

By the death of A. G. Vernon Harcourt in his eighty-fifth year, 
there passed away a chemical teacher endeared to many generations 
of Oxford students, a singularly skilful experimenter, and a pioneer 
in the new domain of physical chemistry. He was one of the first 
who planned experiments to follow the course of a chemical change, 
to measure the velocity of a reaction, and to study the conditions 
that determine it ; he rebelled against the idea that chemists had 
to concern themselves only with the preparation of new substances 
and the elucidation of their properties — for him the interesting 
thing was how the change happened, not what was the result. 

Augustus George Vernon Harcourt was the elder son of Admiral 
F. E. Vernon Harcourt and of Marcia, sister of the first Lord 
Tollemaclie, and grandson of the Archbishop of York. He was 
born December 24th, 1834, and died August 23rd, 1919. He was 
educated on the old classical lines at Cheam and at Harrow, and 
entered Balliol College, Oxford, in 1854. 

It was at Balliol, under Henry Smith, that he laid the found- 
ation of his chemical career. Harcourt, in his reminiscences of 
the Oxford Museum and its Founders, has told us how, when 
Salvin’s buildings at Balliol were constructed early in the “ fifties, 
two cellars were appropriated to the study of chemistry ; and to 
provide a teacher, Henry Smith, ablest of Oxford men, was deputed 
by the College to take some lessons in the subject. He went for 
a few months to Dr, Hofmann at the College of Chemistry. Mont- 
gomerie, Hertford Scholar in 1854, and Harcourt were his first 
pupils. The classical atmosphere of the College cellar is brought 
out in one of Harcourt's reminiscences: “Once a stick of phos- 
phorus took fire on the bench ; Montgomerie was for pouring water 
over it, which might have caused a dangerous scattering of the 
fiercely burning liquid ; Henry Smith stopped him, and 
extinguished the blaze by pouring over it a little sand, remarking 
in his soft tones — ' Pulvcris exigui jactu compresm quiesce!. 

* Reprinted by permission from t-ho Proceedings of the Royal Society 
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When Brodie, a pupil of Bunsen, came to Oxford as Professor 
of Chemistry, the Balliol cellars were placed at his disposal, and 
Hareourt became first his pupil and then his assistant. At 
Balliol. Brodie began working on the acid peroxides, and 
afterwards on the oxidation of graphite, and then turned to 
the systematic study of the alkaline peroxides, the reducing action 
of which he was the first to explain — incidentally supplying a 
strong chemical argument in favour of the diatomic nature of 
oxygen gas. In 1858, Brodie migrated to the chemical depart- 
ment of the New Museum, and took Hareourt— still an under- 
graduate— with him as lecture assistant. A year later, after gain- 
ing a First Class in the School of Natural Science, Hareourt was 
appointed Demonstrator in the Students' laboratory, known from 
its prototype as the "Glastonbury Kitchen ” — and among his first 
pupils was (lie Prince of Wales, afterwards King Edward VII. 

Under Brodie, at the New Museum, Hareourt began his 
researches with the exact determination of the oxygen absorbed by 
the metals potassium and sodium — allowing air to enter slowly into 
a flask containing the pure liquid metal heated in an atmosphere 
of nitrogen. In this first paper one can see that it is the initiation 
and progress of the oxidation that interest him. “Soon after the 
dry air has begun to mix with the nitrogen, (he grey film which 
covers the molten metal changes to a deep blue; the surface gradu- 
ally becomes roughened by little wrinkles and projections, and a 
moment arrives when a single spluttering spark appears at one 
point and a dust of white oxide rises. ... At the point where the 
spark appears tho blue crust becomes white, and this change passes 
in a moment, over its whole extent.” 

In 1859 Hareourt was elected Lee's reader in chemistry and a 
senior student of Christ Church, but it. was not until some yoars 
after his appointment that he began his work in the Lee’s Labora- 
tory. Meanwhile he had started those researches on the rate of 
chemical change which — in conjunction with those of Bertheloi in 
France and those of Guldberg in Norway were to establish on a 
quantitative basis Berthollet’s law of mass action. In the inter- 
pretation of his results Hareourt was associated with William 
Esson, whose special mission in Oxford seemed to he — as tho writer 
knew him — to illuminate mathematically the obscure records of 
chemical velocities Hareourt and Essou first studied the reaction 
between oxalic acid and potassium permanganate in acid solution. 
They found that the rate of change varied with the amount of 
manganous sulphate formed, and that the reaction was probably 
ml in the complete absence of manganous salt; but, once started, 
the velocity would increase to a maximum and then fall ofi the 
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curve representing the course of Lhe change having a point of cor. 
trary flexure. They liken their curves to those obtained by Bunsen 
and Roscoe in the course of photochemical induction thus suggest 
ing that the “inductive period” in the union of hydrogen and 
chlorine was due to the action of another substance, a suggestion 
which finally was proved to be correct. 

Seeking for a less complicated reaction, Harcourt found that in 
dilute solutions hydrogen peroxide decomposed hydrogen iodide 
with velocities that could be easily followed, and the amount of 
change could be accurately ascertained. The method of carrying 
out the experiment in a stream of carbon dioxide, and the device 
by which the iodine liberated was reconverted into iodide by the 
successive additions of exactly equal drops of concentrated thio- 
sulphate, show Harcourt at his best as an experimenter. The 
time-intervals between the successive appearances of the iodine 
proved that the velocity of the change varied directly with the 
quantities of each of the reacting substances— when the other con- 
ditions were kept constant. The rates found, however, do not prove 
that the change is necessarily a termolecular one as Harcourt 
supposed : 

H 2 0 2 + 2HI = 2H,0 + L>. 

The change most probably takes place in two stages, each of which 
is bimolecular; but, one stage being much faster than the other, 
the observed rates follow the simple law. In studying the effect 
of temperature on the rate of this reaction, Harcourt and Essoi 
arrived at a zero of chemical action in wonderful agreement with 
the absolute zero calculated from physical data. 

Harcourt was so strongly convinced that chemical change 
followed mechanical laws that his laboratory became a centre where 
the experiments of Bunsen and his school on “ chemical induction 
and " sprungweise ” explosions were repeated and criticised. 

Though one of the pioneers of physical chemistry, Harcourt 
remained a sceptic towards the new theories of solution and ionisa- 
tion, and the word “dissociation” was anathema to him. In his 
last address as President of the Chemical Society in 1897, he main- 
tained that the distinction between dissociation and decomposition 
was absurd. “A journey,” he declared, “is the same journey, 
whether I go with a return ticket or whether I cannot return by 

the same route.” , , 

Of the painstaking character of Harcourt ’s demonstrations, of 
his insistence on neatness and cleanliness, of the patience an 
personal trouble he took with each beginner, generations of o 
Christ Church men can speak with grateful appreciation. 
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nunuti® of manipulation appealed to him, but they were only means 
to attack the largest problems ; for him no defect was too small to 
remedy, no authority was too great to question. Through the 
inspiration of his example and teaching, Oxford, no less than 
English chemistry, has been intellectually quickened. 

In applied chemistry Harcourt was chiefly drawn to questions 
dealing with the purification and testing of coal-gas, he having 
been appointed in 1872 one of the three Metropolitan Gas Referees 
whose duty it is to prescribe the mode of testing the London gas 
and subject to the various Acts of Parliament, to fix the limits of 
impurity allowed. One of his early researches on coal-gas was his 
attempt to purify the gas from sulphur compounds by means which 
he devised for converting the carbon disulphide into hydrogen 
sulphide. Harcourt’s “sulphur test” came into wide use, but its 
application on a large scale for the purification of coal-gas has only 
recently been carried out successfully by Dr. Charles Carpenter at 
the South Metropolitan Gas Works. Perhaps the most signal 
improvement in the testing of gas effected by Harcourt was the 
introduction of the Pentane Lamp as the official standard of light 
m place of the variable spermaceti candle. His original one- 
candle lamp has been replaced by the more convenient 10-candle 
Pentane lamp, and this has been largely adopted as the measure 
of illuminating power, not only for gas, but for other illuminants. 

Another very useful investigation which occupied much of his 
lime between 1899 and 1911 was concerned with the administra- 
tion of chloroform as an ansslhetic. Already in the former year 
ho had devised a ready means for determining the percentage of 
chloroform vapour, mixed with air, by converting the chloroform 
into carbon dioxide and hydrogen chloride in contact with a red- 
hot platinum wire in presence of steam and of water to absorb 
the hydrogen chloride: 

2CHC1 3 + 2H,0 t0 2 = 2C0 2 + 6HC1. 

When the Council of the British Medical Association in 1901 
appointed an expert committee to investigate the methods in use 
for administering chloroform, to- study its quantitative deter- 
mination, and “ to determine if possible what is the minimum dose 
which would secure anaesthesia for operations and at the same time 
not endanger life," they gave their committee power to co-opt two 
outside members — of whom Harcourt was their first choice. 

After much patient labour he devised an “ inhaler," which his 
colleagues described as “possessing the advantages of simplicity, 
exactness, and portability.” The Committee adopted it in their 
experiments, and in their final Report state that it appeals to be 
well adapted for universal employment. 
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Of recognition by learned societies and of devoted service 
rendered to them Harcourt could claim a large share. Elected to 
the Royal Society in 1863, he served on the Council 1878 — 80. I n 
conjunction with Esson, ho published four memoirs in the Philo, 
sophical Transactions , in the third of which, the Bakerian Lecture 
for 1895, the observations are given indicating that all chemical 
action would cease at -272 ‘6°. 

Admitted to the Chemical Society in 1859, he served as one ci 
its Secretaries for eight years, 1865 — 73, and was elected President 
in 1895. In 1910 he was one of the five Past-Presidents whose 
jubilee as Fellows was celebrated by the Society. 

As became the nephew of one of the founders of the British 
Association — Rev. W. Vernon Harcourt — he early took an interest 
in its meetings and made many contributions to the Chemical 
Section, of which he was President in 1875. A few years later he 
was elected one of the General Secretaries of the Association, an 
office he held for fourteen years with conspicuous tact. He was 
an honorary Doctor of Oxford, McGill, and Durham Universities. 

In 1872 Harcourt married Rachel Mary, daughter of Mr. H. A. 
Bruce, at that time Home Secretary in Mr. Gladstone's firsi 
administration, and afterwards Lord Aberdare. Of his happy 
family life at Cowley Grange, the home he built for himself on 
the banks of the Cherwell, many of his old Oxford pupils and 
friends can tell ; and perhaps no more picturesque spot could have 
been chosen for the evening of his days than St. Clare, near Hyde, 
the property he inherited, with its fine cedars and beautiful lawn- 
falling from terrace to terrace down 1o the waters of Spitliead 
Even in the sunny Isle of Wight people spoke of the roses of St. 
Clare — that pleasantest corner of the world of which he would 
quote when bidding one to an Easter or an autumn visit : 

“ Ver ubi longvm tepidusque praebef 
Juppiter brumas.” 

Both at Oxford and St. Clare, Harcourt displayed extraordinary 
activity in games. Without being an athlete, he was naturally 
fond of all sports and outdoor exercises, and, once interested in a 
game, he took infinite trouble to improve. Many of his pupils 
found, to their surprise, that their white-haired tutor could give 
them lessons in other things besides chemistry. 

His knowledge of the classics, especially of poetry, and a memory 
which remained excellent till quite late in life, made him apt a', 
quotation and ready in rejoinder. He was a really good critic o'. 
stylo. Singularly lucid as a writer, he set his pupils an exampl e 
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precision and clearness, which some, it must be admit ted sorrow- 
fully, could not reach, though they tried to follow it. 

His lif® was a fuN an< ^ happy one ; he followed the path he had 
chosen, with never a thought for profit or self -advancement. If 
}ic had an ambition, it was the desire to serve others, and to feel 
that he was loved by his friends. 

Few men have been so completely happy in their work or lived 
*0 much in the lives of their students. The writer, whose good 
fortune it was to fall under his influence at Oxford, gratefully 
acknowledges that ho owes his career to Harcourl's all'ectionate 
interest and to his example. H. B. D. 


LUCIUS TRANT O'SHEA. 

Born March 20th, 1858; Died April 18th, 1020. 

Lit ics Trant O’Shka, the eldest son of Major R. P. O'Shea, was 
born in 1858. He was proud of being the grandson of Sir Lucius 
Curtis, admiral, and still more proud that he was descended from 
the distinguished admiral Lord Rodney. 

He was educated at the Manchester Grammar School, and com- 
pleted his chemical training under Roscoe at Owens College. 
Afterwards he acted as private assistant to C. Schorlemmer, and 
took part in the research on the constitution of aurine. 

Later he was chemist in an explosives factory, where he gained 
experience which was valuable to him in after-life. 

When Firth College, Sheffield, was opened, Thomas Carnelley 
was appointed Professor of Chemistry and Physics. He selected 
O'Shea as his assistant lecturer and demonstrator in chemistry in 
1881. Later O’Shea held the post <5f lecturer in mining chemistry, 
and in 1907 he was appointed Professor of Applied Chemistry in 
the University of Sheffield. He remained faithful to the college 
and its allied institutions to the day of his death, which took place 
suddenly on April 18th, 1920, a period of thirty -nine years. 

O’Shea was a B.Sc. of London and an M.Sc. of Sheffield. For 
a time he was an abstractor for this Journal. His genial nature 
and courteous* demeanour won the regard and esteem of all who 
knew him. Children adored him, and the success of a children's 
party was ensured by his presence. 

For several years his energies were devoted to imparting a 
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knowledge of chemistry and physics to the deputies (in futuro) j, 
the coal-mining districts of Derbyshire and the neighbourhood t | 
Sheffield. This was probably his most valuable work in the earh 
days of Sheffield University College. The results of this teaching 
are embodied in an exceedingly useful book, “ Elemental 
Chemistry for Coal Mining Students,” published in 1911, whirl, 
was specially intended for students who had little or no preliminarr 
knowledge of chemistry. O'Shea’s most important contributions 
pure chemistry are papers on the ” Constitution of Bleachir.r 
Powder ” and on the '‘Preparation of Pure Iron,” which are to hi 
found in the pages of this Journal and in the Journal of the Societi 
of Chemical Industry. He also made a number of contributions cj 
the applications of Chemistry to mining problems, especially j« 
connexion with explosions in coal mines, mining explosives, tfct 
by-products of coking, coal-washing, etc. These are to *fce found 
for the most part in the Transactions of the Institution of Mini;; 
Engineers. 

His work in connexion with mining brought him into intimate 
contact with a large number of prominent mining engineers. It 
whom his admirable qualities were fully appreciated. In 1905 h, 
was elected Secretary of the Midland Institute of Mining, Civil, 
and Mechanical Engineers. In 1908 the Institution of Mink* 
Engineers, which had for many years had its headquarters a; 
Newcastle-on-Tyne, decided to move these to London; sianil 
taneously, the Institution was in many respects reorganised 
and, the general secretary having died in the previous year, i! 
was decided after much deliberation to offer the honorary 
secretaryship to Professor O’Shea, which the latter accepted, ini 
he was duly appointed to the post on September 2nd, 1908, wii 
an assistant secretary in London to attend to the routine wort. 
It must be understood that this honorary secretaryship was ant 
thing but a sinecure, as the reorganisation of a complex society 
like the Institution of Mining Engineers demanded much hard 
work and involved a mass of correspondence; what was, however, 
needed more than anything to ensure the success of the altem 
conditions was the power to reconcile various conflicting interests, 
and in this the tact, geniality and shrewdness of O’Shea proved 
invaluable. He continued to hold the post of honorary secretary 
until the time of his death, and discharged all the duties of that 
post in a thoroughly admirable manner; during his tenure of the 
office he did much to strengthen and consolidate the Institution 
of Mining Engineers and to maintain the Transactions, for the 
editorship of which he was responsible, at the highest possible 
standard. 
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O'Shea was a keen volunteer, and took an active part in raising 
company of the 1st West York R.E. Volunteers. In the Boer 
\far be went out to South Africa in command of a detachment of 
his company. This experience of active service led to his being 
ilaced in command of the University O.T.C. contingent, which 
fas formed in 1911, a position he retained for eight years. 

| y a luable service to the country in training officers was accom- 
jlished during the Great War. 

| O’Shea leaves a widow and one daughter. 

W. C. W. and H. L. 


JAMES EMERSON REYNOLDS.* 

Bohn January 8th, 1844; Died February 17th, 1920. 

imes Emerson Reynolds was born at Booterstown, Co. Dublin, 
i January 8th, 1844. He was the son of Dr. James Reynolds, a 
edical practitioner at Booterstown, a man of some literary ability 
td the author of one or two plays which had a certain measure 
success. His mother, originally a Miss Campbell, was English, 
e was named after his great uncle, a Captain Emerson, of the 
Dyal Navy. 

iEmerson Reynolds, as ho was usually called, was intended for 
b medical profession, and in early youth became an assistant to 
i father. In 1865 he qualified as a licentiate of the Edinburgh 
liege of Physicians and Surgeons, and afterwards practised for 
short time in Dublin; but on his father’s death he definitely 
andoned medicine, and, following a strong inclination, devoted 
Mself solely to chemistry. At Booterstown he had fitted up a 
tall laboratory, and tried his hand at research work from the 
tset. 

He was not a student of Trinity College, and never attended a 
tematic course of instruction either in theoretical or practical 
miistry. In fact, ho was wholly self-taught. His first paper, 
>n the Oleaginous Matter formed on dissolving different kinds 
Iron in Dilute Acids,” appeared in the Chemical News for 1861, 
;en its author was, presumably, only seventeen years of age. In 

0 same year, and in the same volume, appeared a second paper, 
In a New Process for Photographic Printing.” These were 
lowed, next year, by a communication to the same journal on 

1 Reprinted by permission from tho Proceedings oj the Royal Society. 

v ol. cxvn. 3 0 
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the “ Oxalates of Iron,” and in 1863 by no fewer than five con- 
tributions, partly to the Chemical News and partly to the Journal 
of the Royal Dublin Society. Their various subjects— “On the 
Economical Preparation of Sulphocyanide of Ammonium" (Chew. 
News, 1863, 8, 14), “ On the Numerical Nomenclature of Spectral 
Lines ” (idem, p. 59), “ On the Detection of Hyposulphite of Soda" 
(idem, p. 283), “Wood Spirit and its Detection” (J. Roy. Dull 
Roc., 1863, 4, 126), “Note on Pure Methylie Alcohol” (idem, 
p 131 ) — if of no special merit or great originality, are, at least, 
remarkable as the work of a self-taught youth, wholly unguidtd, 
and with very limited means. They serve to show the range oi 
his activities and the assiduity with which he followed the develop, 
rnents of contemporary science. Spectrum analysis was only in its 
infancy in 1863. Reynolds’ practical interest in the subject was 
probably quickened by the popular lectures of the late Sir Henry 
Roscoe and Sir William Huggins to the Royal Dublin Society, and, 
as subsequent papers show, he maintained this interest to the end 
of his days. His early work was carried oil under considerable 
difficulties, and as it was probably regarded as an interruption to 
his medical studies, it is doubtful if it received much encourage- 
ment at home. It was not until 1867, when he became keeper of 
minerals at the National Museum in Dublin, that he had access 
to a fairly equipped chemical laboratory. The subject-matter of 
many of liis papers from 1868 onwards— for example, formation of 
dendrites, manganese ores, phosphoric acid in minerals, classifica- 
tion of silicates, notes on Irish rutile and the felspars, boron 
minerals, mineralogical tables, etc-, etc. — may bo said to have had 
their origin in this appointment; and it was probably due to the 
interest thus created in the chemistry of silicon, which he laboured 
to show was conceivably co extensive with that of carbon, that we 
owe his many papers on the silicic acids, silicon haloids, and on 
silico-organic compounds, which he continued to publish, from time 
to time, down to his last paper in 1913. 

To this early work belongs his discovery of the colloidal deriv- 
ative of mercury and acetone (Proc. Roy. Stic., 1871, 19, 431), 
which originated from his experiments on wood-spirit. It was the 
first colloidal derivative of mercury to be made known. The 
neutral solution of the compound (C s H 6 0 2 ),3HgO, prepared by 
dialysis,- was used with success by the late Sir Charles Ball as an 
antiseptic dressing m surgery where no ordinary mercurial solution 
could be used. 

In 1868 he became analyst to the Royal Dublin Society, and two 
years later was appointed Professor of Chemistry at the Royal 
College of Surgeons, Dublin. He held both these positions until 
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his election, in 1875, to the Chair of Chemistry at Trinity College, 
Dublin, as successor to Dr. James Apjohn. At this period 
Reynolds had a considerable practice as a consultant and public 
analyst. He was interested in subjects relating to medical 
chemistry and hygiene, and had collaborated in the production of 
a ’’Manual of Public Health for Trelaud.” He was responsible for 
the analytical examination of the Yartry water as supplied to 
Dublin, and had laboured, like many before and since, at the 
perennial question of the utilisation o£ Irish peat. 

Oil bis appointment to Trinity College, Reynolds devoted him- 
self, almost exclusively, to the duties of his chair. He was a good 
lecturer and an excellent teacher, somewhat precise in maimer and 
diction, and too strict a disciplinarian to be generally popular with 
the type of student he had to teach; but he always commanded the. 
respect of his pupils, who could appreciate the care and thought 
lie spent on his lectures. They were always admirably illustrated 
by experiments, for he spared no pains in acquiring or devising 
suitable and striking demonstrations. If an experiment failed, 
which rarely happened, he insisted on its successful repetition on 
the next occasion. He was scrupulously careful that his teaching 
should be abreast of contemporary knowledge. He early perceived 
the significance and value of the doctrine of Periodicity, and his 
course of instruction was arranged in conformity with it. His 
theoretical conceptions of the basic principle of the Law, after- 
wards expanded by Sir William Crookes, and his graphic and 
glyptic representations of it, are well known to teachers of chem- 
istry, He was among the first to attempt to settle the true posi- 
tion of the element glucinum in the periodic series, and to establish 
its valency and atomic weight. It is true that the experimental 
proof he was able to adduce was not. wholly convincing, as the 
metal which he had himself prepared was far from pure, and the 
foreign matter present necessitated a very uncertain correction. It 
was only subsequently established that the specific heat of 
glucinum, as in the case of other elements of low atomic weight, 
varied very rapidly with the temperature, and that it was only at 
comparatively high temperatures that, the value of its atomic heat 
approximated to that demanded by Dulong and Petit’s law — a 
fact which accounted for the discrepant conclusions of previous and 
subsequent workers. Nevertheless, Reynolds’ prevision of the true 
place of glucinum in the periodic series turned out to be correct, 
and there is no further doubt oil the subject. 

Reynolds was one of the first to introduce quantitative work into 
ttie early training of the student of chemistry, thereby familiarising 
him experimentally with the relation between atomic weights, 

3 o 2 
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equivalents, valency, etc. His “Experimental Chemistry f 0r 
Junior Students,” in which he developed this system, was a dis- 
tinctly original work, and has had a considerable measure of success 
in school teaching. As his own staff was very limited, much of 
his time during the session was spent in doing demonstrator’s work 
in the laboratory. In this way he acquired practical experience 
of the working of his system, which he incorporated in subsequent 
editions of his book. Indeed, he gave so much of his time auj 
energies to his professorial duties that steady, uninterrupted 
research work had to be relegated to the vacations. 

Probably the best known of Reynolds’ contributions to organic 
chemistry is his discovery of thiourea. As already stated, one cf 
his earliest contributions from the little laboratory he had estaV 
lished when a boy in his father’s house at Booterstown was con- 
cerned with ammonium sulphocyanide. On heating this salt to a 
few degrees above its melting point, dissolving the product in 
water, and allowing the concentrated solution to stand, he obtained 
a substance crystallising in silky needles, the true nature of which 
for a time escaped him, but which he eventually characterised as 
an isomeride of sulphocyanogen, under which title he communi- 
cated a short paper to the Journal of the Royal Dublin Society, 
A further account appeared in the Journal of the Chemical Society 
for 1869, and was quickly re-published in various Continental 
periodicals. It is not often that a young man of twenty-three bits 
on so remarkable a discovery, and particularly one which had 
baffled the skill of men like Liebig and Hofmann. It at once 
established Reynolds’ position as one of the most promising of tie 
younger Irish chemists, and no doubt contributed greatly to his 
subsequent professional success. Thiourea, or thiocarbamide, as it 
was indifferently termed for a time, proved to be an exceedingly 
reactive substance, and the preparation of its derivatives and con- 
geners, and the elucidation of their constitution, have been pre- 
eminently associated with the chemical laboratory of Trinity 
College, Dublin. 

Reynolds vacated his chair in Dublin in 1903, and took up bis 
residence in London. He continued to pursue his experimental 
work at the Davy -Faraday laboratory, and ultimately fitted up a 
small laboratory in his house. His last published communication, 
“ On the Synthesis of a Silicalcyanide and of a Felspar,” appeared 
in the Proceedings of the Royal Society in 1913. In previous 
papers he had given descriptions of organic compounds containing 
the sili cocyanogen group, SiN, proving the marked affinity of silicon 
for tervalent nitrogen. In his last paper ho gave an account of 
the synthesis of a silicon compound of aluminium and calcium-a 
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calcium silicalcyanide, CaSLAh, analogous to CaCnN,, yielding, on 
oxidation, a substance of the composition of anorthite, CaAl.,Si.,O s , 
with the properties of the naturally occurring mineral. The keeper 
of the minerals of 1867 was, up to tho last, faithful to the concep- 
tions which had dominated nearly half a century's intellectual 
activity. 

Reynolds joined the Chemical Society in 1873, and became a 
Vice-President in 1881 — 1884, in 1889 — 1892, and again in 
[g97„1900. In 1901 — 1903 he served as President. In the first 
of his presidential addresses he discussod, with his characteristic 
lucidity of exposition, the development of a subject to which he 
had given much thought, and with which lie had been associated 
since the early eighties, namely, the Periodic Law. In the follow- 
ing year he dealt with some pressing questions of inqrganic research 
—inorganic isomerism and the so-called inorganic ferments, in 
which he gave a highly suggestive summary of many problems 
which have since occupied the attention of many workers, and some 
of which have proved to bo of great technical importance. He 
was elected into the Royal Society in 1880, served on the Council, 
1900 — 1902, and was a Vice-President in 1901 — 1902. He was an 
original member of the Society of Chemical Industry, of which he 
became President in 1891, presiding over the only Annual Meeting 
of the Society held in Ireland. He presided over the chemical 
section of the British Association at the Nottingham meeting in 
1893. 

In 187u lie married Janet Elisabeth, the daughter of Prebendary 
Finlayson, of Christchurch Cathedral, Dublin, who survives him. 
During liis later years bis eyesight , never very good, gradually 
failed, but his mental power was active to the last, Ho had a 
serious accident in the autumn of 1919, fracturing a rib; this was 
followed by a slight stroke, from which he never wholly recovered. 
He died very suddenly on February 17th, 1920, at his residence in 
Kensington. T. 15, Thorpe. 


WATSON SMITH. 

Born June IStii, 1S45; Died May 1st, 1920. 

Watson Smith, who died on May 1st, 1920, was the son of the 
Rev. Watson Smith, and was born at Stroud in 1845. His early 
training in chemistry he received under Sir Henry Roscoe at 
Owens College, Manchester, which he entered in 1862, and had 
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amongst his fellow-students Sir Edward Thorpe and the ] a ^ 
G. I. Snelus, who also commenced their chemical studies in fa. 
same year. His chemical education was continued at Heidelberg 
and later on pursued at Zurich. Here Watson Smith came under 
the influence of Professor Lunge, and this undoubtedly proved an 
important factor in directing his subsequent career. After soir^ 
years spent in industry, he was appointed Lecturer in Techno, 
logical Chemistry in Owens College, a position he retained until 
1889, and on leaving Manchester to reside in London, he became 
for a period the Professor of Applied Chemistry at University 
College. Shortly after his appointment at Owens College, the 
Society of Chemical Industry was founded, in 1881, and in this 
movement he took an active part. Of the Journal of this Society 
he became the first editor, a post he held for thirty-two year?. 
The recognised position which this Journal has attained is in the 
main due to the care and direction it received from Watson Smith, 
and surely this success may be counted amongst the most important 
contributions to the advancement of chemistry made by him. 
Something of this success is to be credited to our own Journal, for 
it was as an abstractor, in fact, one of the first, that Watson Smith 
acquired an experience which he later turned to such useful 
account. 

By his investigations, either alone or in collaboration with 
others, he contributed to various departments of chemistry, bolt 
pure and applied. In this connexion, his researches on 
“Diphenyl,” "MoDinaphthyl," “The Exhaustive Chlorination oi 
Certain Hydrocarbons,” and “ Pentalhionic Acid ” may be cited. 
The chemistry of coal and of coal-tar has been materially advanced 
by his researches, and as far back as 1883 he directed attention 
to the importance of the full utilisation of coal, insisting on tie 
necessity for the adoption of the practice of coking in retort ovens, 
with the recovery of the ammonia and other of the valuable 
by-products formed. It must have been a sourco of gratification 
to him to have seen the fruition of his advocacy, by the widespread 
adoption in recent years, of these methods of coking. 

He was elected a Fellow of this Society in 1866, so that at tie 
time of his death 1 o had already passed his jubilee as a Fellow 
He was an original Fellow of the Institute of Chemistry, and for 
'two periods (1883—1887, 1888—1892) acted as an examiner for 
the Institute. 

In music and musical composition Watson Smith found ms 
recreation, and was a skilful executant on the piano. 

He was twice married, and is survived by his second wife an 
children of the first marriage. P- 
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ALFRED WERNER. 

Born December 12th, 1866; Died November 15th, 1919. 

The originator of the co-ordination theory of valency and chemical 
constitution was born in Mul house in modest circumstances, his 
father being a factory inspector who, with the assistance of his 
mother (nee Tcche). also cultivated a small holding. 

Pocket-money was scarce, and young Werner, who had already 
in his early school days manifested a great liking for chemistry, 
undertook such humble tasks as chopping wood for the neighbours 
in order to procure a few additional centimes wherewith to buy 
scientific books and chemical materials and apparatus. At 
eighteen years of age, having fitted up a laboratory in a barn on 
his father’s homestead, he submitted to Professor Noelting the manu- 
script of his earliest chemical investigation, with the naive inquiry 
as to how long it would take to become a professor. A sympathetic 
appreciation of the work, with a guarded reply to his question, 
confirmed Werner in his enthusiasm for chemistry, so that when 
a year later he joined the army at Karlsruhe as a one-year 
volunteer, he seized this opportunity of commencing his studies at 
the technical high school. 

In later years he recalled with pleasure the circumstance that 
he was frequently posted as sentry before the palace wherein dwelt 
the Princess Victoria, afterwards Queen of Sweden, whose court, 
he subsequently attended as Nobel prizewinner. 

In 1886 Werner proceeded to Zurich, and continued his studies 
in the Federal Polytechnic under Professors Lunge, Hantzsch, and 
Treadwell. Three years later, having obtained his diploma as 
technical chemist, he became assistant to Lunge, at the same time 
working for his doctorate, under Hantzsch’s guidance, on the spatial 
arrangement of atoms in nitrogenous compounds. In this 
research, which proved to be of exceptional importance, the young 
chemist displayed remarkable powers as an observer and original 
thinker. 

After a short stay in Paris with. Berthelot, he returned to 
Zurich, where his independently published memoirs on the theory 
of affinity and valency, and on the constitution of inorganic com- 
pounds, speedily led to his appointment, at the age of twenty- 
seven, as Extraordinary Professor in the University, and two years 
later as Ordinary Professor in succession to Victor Merz. 

During these early years the Zurich laboratories were of very 
primitive type, and consisted largely of cellars and basements so 
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insufficiently lighted and ventilated that they received the ominous 
name of “ catacombs.” Yet, in spite of these material drawbacks, 
the master's inspiring personality attracted each year a larger 
band of enthusiastic students. In 1905 the Cantonal authorities 
acceded to the professor’s strongly expressed request for more 
adequate accommodation, and, with the completion of the new 
laboratories in 1909, Werner at length became provided with an 
installation worthy of the epoch-making researches to which he 
devoted the remainder of his life. 

Werner's capacity for work was prodigious : always the first to 
arrive at the Institute, he was frequently the last to leave it. His 
publications reached a total of 169, and 200 dissertations were 
produced by his pupils, of whom he sometimes had as many as 
twenty-five working simultaneously under his personal guidance. 
But in spite of the strenuous existence which these activities 
entailed, Werner, who was of a jovial disposition, found time for 
conviviality and for such social recreations a,s card-games, billiards, 
and chess. He delighted in bringing together under his hospit- 
able roof his colleagues and past and present students, and ol 
these festive gatherings he was the life and soul. 

Werner had a comparatively short career of meteoric brilliancy, 
and the transcendant- quality of his work brought him rapid recog- 
nition from scientific contemporaries throughout the world. The 
Swiss universities granted honorary degrees and learned societies 
in all lands bestowed various honorific distinctions. He was 
elected an Honorary and Foreign Member of the Chemical Society 
in 1913, and in the same year the Nobel Prize came as a culmin- 
ating honour. These gratifying marks of appreciation made, how- 
ever, no difference to his naturally modest demeanour, and served 
only to stimulate him to further efforts and more arduous toil. 

In 1915, while at the pinnacle of his fame, the first insidious 
symptoms of his fatal malady (arteriosclerosis) declared themselves, 
and then followed four t.ragi^ years of increasing suffering and 
infirmity until death brought respite and release. 

Although the time for accomplishment was short, Werner’s life- 
work is not to be regarded as incomplete or unfinished. The co- 
ordination- theory, which, with creative genius and prophetic 
insight, he had conceived as a young investigator, was before his 
death extended logically to its remotest consequences, and was 
subjected in his laboratory to the most rigid and exhaustive proofs. 

Werner’s success is a triumph of the inductive method of reason- 
ing. His ideas were inborn and swiftly engendered, but he spared 
himself no pains to confirm these preconceptions by reference to 
cognate facts, or, if these were lacking, by crucial laboratory tests. 
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Ilis prevision was so exact and well focussed that in the great 
majority of cases it was confirmed by experiment. These repeated 
verifications rendered Werner rather impatient of controversy, 
and he paid little attention to views which differed from his own; 
but although he felt sure that his hypotheses were correct, yet he 
was open-minded enough to believe that his theory was only a 
s lep ping-stone to a more comprehensive generalisation of chemical 
phenomena. 

Though somewhat autocratic as director of research, he was, 
however, geniality personified to all students who sought his advice,' 
and as a teacher his enthusiasm for his subject was contagious. 
An English pupil describes his lectures on inorganic chemistry 
and the periodic classification as “a perfect joy.'’ His classical 
treatise, “ Neuore Anschauungcn auf dem Gebiete der anorganische 
Chemie,” the work of several years, is a remarkable testimony to 
the encyclopedic character of his knowledge and comprehensive 
grasp of inorganic chemistry. 

Organic Researches. 

For several years after his promolion to the university chair, 
Werner divided his attention between the inorganic and organic 
sections of chemistry, with an ever-increasing bias towards the 
former. His earliest memoir, published jointly with ITantzsch, con- 
tains their celebrated hypothesis of the stereochemical configuration 
of the oximes. Werner followed up this idea by further researches 
on oximes and allied compounds, and this work on the structure 
of doubly linked carbon- nitrogen compounds is to be regarded as 
his most important contribution to organic chemistry. 

Considerably attention was devoted in the Zurich school to the 
study of phenantlirene derivatives, which are of interest on account 
of their relationship to certain natural products, and Werner’s 
discovery of xanthonium salts, together with his researches on 
pyronium salts, are notable contributions to our knowledge of 
oxoniuni compounds. 


Inorganic Researches. 

In 1891, when Werner first propounded his views on chemical 
affinity and valency, Kekule’s theory of constant or fixed valency, 
which had proved of fundamental importance in the development of 
organic chemistry, was more or less accepted as the guiding prin- 
ciple in explaining the constitution of inorganic compounds. In 
this respect it was not helpful, and sufficient evidence had already 
accumulated to show that a theory of variable valency was more 
m accord with known facts. Werner discarded the idea of 
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constant valency with a fixed number of valency units of equf. 
valent strength operating in certain definite directions, and 
assumed that the chemical affinity of an element was distributed 
uniformly over the surface of its spherical atom in such a manner 
that, according to the circumstances attending chemical combin- 
ation, this affinity could be divided up in a great variety of ways 
into few or many valency units of varying intensities. This new 
viewpoint of chemical affinity had its effect even in organic 
chemistry, where it was utilised in elucidating certain facts of 
aromatic substitution and of stereochemical change. But a longer 
stride was taken in 1893 by the publication of a dissertation on 
the constitution of inorganic compounds, wherein Werner 
expounded more explicitly his new theory of variable valency. At 
that time, hydrated and ammomated simple salts, and also double 
salts, were formulated either as “ molecular ” compounds, 
CaCl 2 ,6H 2 0, PtCMNH* FeCl 3 ,3KCl, or as open-chain complexes, 



P< 


NH g -N [I 3 -C1 
NH 3 -NH 3 -C1 ’ 


/C1=C1-K 

Fe(-C!=Cl-K; 

•Cl-Cl-K 


but neither of these methods of representation gave any clear 
explanation of the properties of these substances. 


C o-or dination N u?nb er. 

In opposition to these unsatisfactory formulations, Werner put 
forward his "co-ordination formula/’ according to which the 
associating units, OH. 2 , NH 3 , or KOI, are grouped round a central 
atom, which is usually metallic. The maximum number of these 
groups which can find a place in the co-ordination sphere immedi- 
ately surrounding the central atom is termed the "co-ordination 
number.” The associating units implicated in a stable co-ordin- 
ation complex have no ionic properties, but outside this inner or 
first sphere there may be ionisable radicles, as shown in the 
following co-ordination formuke: 

[Ca(OH 2 ) 6 ]Cl 2) [Pt(NH 3 ) 4 ]a, [FeCl 6 ]K s , 
where the co-ordination complexes or first spheres are included in 
square brackets. 

The co-ordination complex can be produced either by the addi- 
tion of elementary or compound radicles, as in the combination of 
platinic chloride and potassium chloride, or by the assimilation 
into this inner co-ordination sphere of a number of complete 
molecules, as in the interaction of ammonia and cobaltic chloride. 
The products [PlCl 6 ]K 2 and [Co(NH 3 ) 0 ]C1 3 are typical respectively 
of two great general classes of co-ordination compounds. 
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Residual A f finity — Supplementary Valency. 

The effective force in these combinations is the residual affinity 
or supplementary (auxiliary or secondary) valency of the central 
atom, which, although not powerful enough to attract further 
atoms or radicles having integral valencies, is nevertheless suffici- 
ently intense to combine with another molecule possessing a similar 
decree of unsaturation. 

The co-ordination complex may, however, be built up partly by 
the agency of principal valency and partly by that of supple- 
mentary valency, as shown in the following series, where cobalt 
is consistently tervalent : 



The gradual introduction of chlorine into the complex is accom- 
panied by a diminution in the electrical conductivity of the com- 
pound; the fourth member, which contains all the chlorine in the 
inner sphere, is practically a non-electrolyte. 

In the majority of cases, the co-ordination number is six, but 
with carbon, boron, glucinum, and bivalent platinum it is four, 
and it increases to eight for molybdenum, tungsten, and a few 
other elements. 


Geo metrical Isomerism. 


The frequent recurrence of the co-ordination number six sug- 
gested a definite Spatial grouping of the associating units. Three 
arrangements present themselves: the hexagon, the triangular 
prism, and the regular octahedron. If either of the first two 
arrangements be assumed, a co-ordination complex of the typo 
[MA 2 B 4 ] should exist in three isomeric forms, corresponding with 
the three di- substituted isomerides of the hexagonal and prismatic 
constitutions of benzene, but if the associating groups A,B 4 are 
situated at the vertices of a regular octahedron, then only two 
stereoisomer ides are possible: 


T? 


B i A 



B j A 
B 

cis- or l : 2-form. 


B 


B I 



A | 

B 



lran3- or 1 : 6-form. 
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Many compounds of this type were examined, of which no fewer 
than twenty-seven series contained cohalt as central atom, and in 
every case only two stereoisomerides were detected. In most 
instances the stereochemical configuration of each isomeride was 
established by taking advantage of the fact that, as in organic 
chemistry, only the c('s-position lends itself readily to ring 
formation. 


Inorganic, and Co-ordination 1 s omerism. 

The demonstration of several other types of inorganic isomerism 
furnished additional confirmation of the co ordination theory and 
of the important part played by the co-ordination complex. 

Hydrate isomerism was shown in the following series of salts, 
which differed considerably in physical and chemical properties: 

[Cr(OH 2 ) 6 "|Cl 3 ; [Cr(OH,).-Cl]Cl ; JT 2 0 ; [Cr(0H,) 4 ClJCl,2H 2 0. 

Blue. Green. Green. 


Several other more complicated cases of hydrate isomerism were 
discovered by Werner and his collaborators. 

Ionisation isomerism was exemplified by such examples as the 
following pair, containing, respeclively, nitrite and chlorine ions: 

[ NOj Coeil i] N0 s [(N0 2 ) 2 Co enJCI. 

Salt isomerism, arising from the circumstance that the nitrite 
and thiocyanate groups often present in the coordination com- 
plexes can each exist in two differently constituted forms, is 
exemplified by the following compounds, where “en” represents 
ethylenediamine, a molecule of which often replaces two molecules 
of ammonia, thus occupying two positions in* the co-ordination 
complex : 

[S$H* [o£H* 

Labile. Stable, 


Co-ordination position isomerism is possible owing to the fact 
that associating units maintain a definite spatial orientation, even 
in highly complex structures, such as the following : 

NH 

Co( >Co, 


Cl 

(NH,) S 


Vo.-/ 


Cl 


Cl, 

!_ 




Many other series of a highly complicated character containing 
two or more metallic atoms were examined by Werner and his 
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pupils, and shown to conform to the fundamental principles of 
the co-ordination theory. 

The culminating point in these researches was reached with the 
discovery of optical isomerism among co-ordination compounds. 


Octahedral E n a n t i u m o r p h ism. 


/“ _J 

j ~ ; 

Object. 

Mirror-image. 


Geometrical isomeridcs of the m-series having the general 
formula [MA 2 en 2 ]X and co-ordination compounds of the type 
[Men 3 ]X 3 containing, respectively, two and three molecules of 
ethylenediamine should each exist in two optically active enaniio- 
morplious forms corresponding with the foregoing general formula, 
in which the central atom is surrounded by a complex consisting of 
at least two ethylenediamine molecules or similar caliper-like 
groups. 

After many disappointments, the resolution of 1 : 2-chloroammino- 
dicthylenediamine cobaltic chloride, j"^^ 8 Coen 2 Jci 2 , was 

accomplished in 1911 with the aid of d-bromocamphorsulphonic 
acid. 



Cl 

/ 


Cl | Nen 
\ Co \ 


I 


en 


This striking confirmation of Werner’s views of the configuration 
of co-ordination compounds was speedily followed by other 
analogous resolutions, and optically active compounds of octa- 
hedral symmetry are now known containing cobalt, chromium, 
iron, iridium, platinum, rhodium, and ruthenium as central 
fnetallic atoms. 

Considerable ingenuity was displayed in the selection of these 
coordination compounds, and, out of the many examined, two may 
be mentioned as being of outstanding interest. The well-known 
blue double potassium chromium oxalate, [Ci^ChOJgjKj, and the 
remarkable red additive compound of ferrous bromide and 
aa-dipyridyl, [Fe(Dip) s ]Br.>, were successfully resolved, and thus 
shown to possess octahedral symmetry. 
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More than forty series of these .compounds of octahedral 
symmetry have been shown to exist in optically active forms, ^ 
that the spatial configuration of ihe co-ordination complex with 
six associating units is now as firmly established as that of the 
asymmetric tetrahedral carbon atom. 

Werner's activities did not, however, abate even with this com- 
plete and crowning demonstration. The search for further 
evidence was extended in all directions. The polynuclear com- 
plexes with two cobalt atoms, which should, in accordance with 
the theory, display remarkable optical properties, were put to the 
test, and found to confirm Werner’s theoretical anticipations in 
every particular. Among these may be cited the case of the 

following complex salt, Jen 3 Co Coen ,Jx 4 , which was shown 

to exist in four modifications: two optically active forms, a racemic 
form, and an optically inactive form, due to internal compensation. 
Accordingly, these four varieties of the substance furnish a com- 
plete analogy to the four tartaric acids. This binuclear 
co-ordination compound illustrates also an important corollary of 
the co-ordination theory, the smoothing out and equalisation of 
the difference between principal and supplementary valencies 
(iouogenic and non-ionogenic valencies) within the co-ordination 
complex. The existence of an internally compensated analogue of 
mesotartaric acid shows that the bridging groups NO., and NH. 
although originally attracted into the co-ordination complex partly 
by principal and partly by supplementary valency, are now 
similarly associated with each of the two cohalt atoms. 

The optically active co-ordinated compounds hitherto considered 
contain carbon present in the ethylenediamine or aa-dipyridyl mole- 
cules or in oxalate complexes. In order, however, to remove any 
lurking suspicion that carbon may, after all, be even a contributory 
cause of the optical activity in these substances, Werner (1914) 
resolved a purely inorganic compound entirely free from carbon. 
In this substance the basic cobaltic complex, [Co(NH 3 ) 4 (OH)»]X, 
took the place of ethylenediamine, and three molecules were 
coordinated with cobaltic bromide. The resulting complex 

bromide, ^Co-|q2 Co(N1i 3 ), j jBr 6 ,2H,0, was resolved successfully 

through the bromocamphor-w-sulphonates into optically active 
components, thus proving beyond all doubt that this form of optical 
isomerism is not due to tho presence of any special element or 
group of elements, but is simply a geometrical property of the 
octahedral co-ordination complex. 



OBITUARY NOTICES. 


1647 


Applications of the Co-ordination Theory. 

Numerous resolutions of octahedral racemoid substances, made 
with the aid of organic optically active compounds, tartaric 
acid camphorsulphonic acid, bromocamphorsulphonic acid, nitro- 
camphor, and the alkaloids, placed Werner in possession of many 
optically active products of octahedral symmetry. These new 
reagents were promptly applied to refractory racemoid substances 
of tetrahedral symmetry and, in the resolution of s-dimethyl- 
succinic acid with the aid of tho optically active triethylene- 
diauiine cobaltic bromides, [Co3en]Br s , Werner (1913) repaid the 
debt he owed to Pasteur. 

The acceptance of Werner’s theory by other investigators has 
led to the study of co-ordination compounds of very diverso types. 
Among these are several which have already proved useful in 
chemical analysis, such as the metallic derivatives of dimethyl- 
glyoxime, benzildioxime, dicyanodiamidine, nitroso-j3-naphthol, and 
phenylnitrosohydroxylamine (cupferron) . 

The theory offers a valid explanation of the constitution of many 
complex minerals, for instance, atacamite (I) and its analogues, 
and the members of the apatite group (II), where M = Ca or Pb, 
[Cu{Cu(0H) 2 } 3 ]01 2 [M(M 3 (R0 4 ) 2 } 8 ]X 2 . 

(I.) (H.) 

R=P, As or V,and X-F or Cl, may be formulated as co-ordinated 
compounds. In this connexion, it should be mentioned that the 
co-ordination theory has widened considerably, and, at the same 
time, rendered more precise our conceptions of isomorphism. 

An extension of the theory to which Werner paid considerable 
attention was its general explanation of the mechanism of adjective 
dyeing with metallic mordants. The resulting highly-coloured 
lakes, to which the tinctorial effect is due, have the characteristic 
properties of internally co-ordinated complexes: insolubility, 
exceptional colour, chemical inertness, and an inhibition of the 
ordinary analytical properties of the metallic atom. It is 
impossible to summarise this rapidly growing section of co-ordina- 
tion chemistry, but two typical examples may be formulated. 
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At least one important metallurgical industry — the production of 
pure nickel — may, in the light of this theory, be regarded as being 
dependent on the singular properties of a co-ordination complex 
nickel carbonyl. 

Werner’s generalisation has all the attributes of a scientific 
theory of first-rate importance. It is in close accordance with 
known facts, which it explains and summarises in a logical and 
comprehensive manner. It endows its exponents with the gift of 
prophesy, and many far-rcaching predictions based on its simpl e 
hypotheses havo been subsequently verified by direct experiment. 

By birth Werner was an Alsatian subject of the second French 
Empire, but with the annexation of his native province bv 
Germany in 1871, his nationality became changed, and, as already 
narrated, he served in the German army. His early^ studies in 
Zurich imbued him, at an impressionable age, however, with a love 
for the democratic institutions of Switzerland. The call to a Swiss 
chair of chemistry strengthened this bond, and in 1895, the year of 
his marriage to a lady of Zurich (Fraulein Emma Giesker), Werner 
became by naturalisation a citizen of the Swiss Confederation, 
Thenceforward lie became wholeheartedly a Swiss, remaining 
attached to Zurich and loyal to his adopted fatherland in spite of 
gratifying invitations to Vienna and io Wurzburg. He spoke 
German intentionally with a Swiss accent, and took great pride 
in displaying a colloquial knowledge of tho local patois. 
Werner's deliberate change of nationality was for him a 
happy choice, for while neighbouring empires were tottering to 
their fall in a turmoil of war and social unrest, the alpine republic 
gave to her illustrious adhorent one of tho greatest of earthly 
blessings, peace: for the fulfilment of his life’s work and in his 
closing years. 

The writer’s best thanks are extended to Profes3or3 Fieri, 
Karrer, and Staudinger, and to Mr. C. W. Bailey, for their kind 
assistance in the compilation of this memoir. 


G. T. Morgan. 
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Behaviour o£ Methane at High Temperatures Alone and 
in Contact with the other Constituents in Firedamp 
Explosions. H. Winter (Brennstojf-Chem., 1920, 1, 17 — 22). — 
jn mixtures of pure methane and air containing from 5 0 to 9 2% 
of methane, the combustion occurs according to the equation 
CHj + 20 ., = C0 j + 2H 2 0. In mixtures containing 9’2 to 14% 
of methane, the combustion of the methane is incomplete. In 
addition to carbon dioxide, water, and hydrogen, the residues con- 
tain carbon monoxide when the ratio of oxygen to methane is 
somewhat greater than, equal to, or less than, 0, : Clf 4 - 2 0. When 
(he concentration of oxygen becomes smaller, hydrogen appeal's in 
addition to carbon dioxide and monoxide, nitrogen and water. 
The explosion under these conditions is also accompanied by 
deposition of carbon within a small area. J. R. P. 

The Dehydrogenation of Alcohols by Catalytic Oxidation 
under Reduced Pressure. Charles Moureu and Georges 
Mignokac (Comp/, lend., 1920, 171, 652).— The method previously 
described (this vot., i, 283) is modified so that the alcohol vapour 
and oxygen are passed, at a reduced pressure of 20—40 mm., over 
the catalyst, finely divided silver, at 230—300°. Under these 
conditions, satisfactory results are obtained with the higher 
alcohols. W. G. 

The Reaction between Alcohols and Aqueous Solutions 
of Hydrochloric and Hydrobromic Acids. II. James F. 

Norris and Robert S. Mulliken (./, Amer. Chem. Hoc., 1920, 42, 
2093— 2098).— In continuation of previous work (A., 1916, i, 461), 
it is shown that aqueous hydrobromic acid reacts with certain 
di- and tri-hydroxy-alcohols and certain cyclic alcohols. Hydro- 
chloric acid replaced the hydroxyl group in certain of the alcohols 
containing negative substituents, but its failure to act in other 
cases indicated that influences other than those of negative groups 
serve to activate the hydroxyl group. W. G. 

Chloromethyl Carbonates : Systematic Chlorination of 
Methyl Carbonate. Anure Kling, D. Fj.orentin, and E. Jacob 
(. 1/in. Chim., 1920, [ix], 14. 189 -214).— A more detailed account 
of work already published (this vol., i, 213). W. G. 

New Syntheses of u-Monoglycerides. Emil Fischer, Max 

Bergmann, and Heinrich Barwind (Her., 1920, 53, [B |, 
1589— 1605).— The general methods for the preparation of mouo- 
and di-glycerides depend either on the action of glyceryl chloro- 
hydrins on the salts of fatty acids or on esterification of the fatty 
acid with the chlorohydrin, and subsequent exchange of the 
halogen atoms for the hydroxyl group. Neither process is suitable 

vol. cxvin. i. A 
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for synthetic operations, since the former method is complicated 
by side reactions, and no guarantee is afforded of the simple re- 
placement of the halogen atom by the fatty radicle (compare 
Fischer, Bergmann, and Lipschitz, A., 1918, i, 172), whilst in the 
latter the halogen atom can, in general, be only replaced under 
conditions which readily occasion further change. As initial 
material in a new series of syntheses, the authors have therefore 
adopted “ acetone glycerol,” which has been shown by Irvine 
Macdonald, and Soutar (T., 1915, 107, 337) to be isopropylidene- 

glycerol, CMe 2 <^„ AoVrer rtTT ; this substance reacts readily with 

U'UH’Uxig’Oll J 

acid chlorides in the presence of quinoline, yielding products, from 
which the acetone residue is readily removed by mild treatment 
thus giving undoubted a-monoglycerides. 


0* CH 

Benzoylisopropylideneglycerol, CMe 2 < 0 .Q H ! CH , 0Bz > large, 

monoelinic crystals, a : 6 : c = 1*0221 :1 : 0*4661, 0=1O8°56', m. p. 
34*5°, b. p. 164 — 165°/ 9 — 10 mm., is readily obtained by the 
action of benzoyl chloride on an ice-cold mixture of isopropylidene- 
glycerol and quinoline, and is transformed by N j 2-liydrochloric 
acid at 55 — 60° into a-monobenzoylglycerol,. m. p. 36° (compare 
Krafft, A., 1904, i, 136), which is partly decomposed on distilla- 
tion, even in a high vacuum, into glycerol and dibenzoylglycerol; 
it re-forms the uopropylidene compound in good yield when 
treated with dry acetone containing 1% of hydrogen chloride, and 
with phenylcarbimide gives the corresponding diphenylurethane, 
small needles arranged in clusters, m. p. 135 — 136° (corr,). 
p-Nitrobenzoylisopropylideneylycvrol , leaflets, m. p. 56°, and 
a-p-nitrobenzoylglyctrol, pale yellow prisms, m. p. 107°, are 
similarly prepared ; the latter is converted by benzoyl chloride in 
the presence of chloroform and pyridine into fiy-dibenzoyl-a-])- 
nitrobenzoylglycerol, NO./C^-CO-O-CH^CH^BzJ-CHvOBz, 
colourless, four-sided needles, m. p. 114° (corr.). 

Stearyl chloride, b. p. 164 — 166°/0 - 5 — 1 mm., transforms ho* 
propylideneglycerol into stvarylisopropylideneglycerol, long, colour- 
less needles, m. p. 40—41° after slight softening at 37°, which is 
converted by aqueous hydrochloric acid in the presence of ether 
into a-monostearin, which generally has m. p. 81 — 82°; a second 
modification, m. p. 75 — 76°, is obtained when the first form is 
melted and allowed to solidify or rapidly crystallised from ether. 
Laurylisopropylideneglycerol, pale yellow, mobile oil, has b. p- 
151 — 152°/0-2 — 0 3 mm., m. p. +8—9°, Dj* 0-9537, ftg 14454, 
whilst a-monolaurin forms small, unctuous leaflets, m. p. 62 — 63° 
(Krafft, loc. cit. } gives m. p. 59°, Griin and von Skopnik, A., 
1909, i, 874, 52°, and Thieme, A., 1912, i, 333, 58’9°). a-Mono- 
laurin is converted by phenylcarbimide into the diphenylurethane, 
small leaflets, which generally have m. p. 87 — 89°, but for which, 
on one occasion, the m. p. 92 — 94°, returning to the _ norma 
value after some weeks, was observed, and by stearyl chloride m o 
a-lauryl-^y-distearylglycerol, m. p. 49 — 50°, apparently identica 
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with the product described by Grim and Theimer (A., 1907, i, 464). 
Palmitylisopropylideneglycerol crystallises in thin, irregular 
leaflets, in. p. 34 — 35°, whilst a-monopalmitin resembles a-mono- 
stearin in forming two modifications, m. p. 78 — 79° and 72—73°, 
respectively, which are prepared iu the same manner as the stearyl 
compounds. It is transformed by lauryl chloride in the presence 
of chloroform and pyridine into fiy-ddauryl-a-palmitylglycerol, 
small, slender needles, m. p. 47 — 48°, after slight softening at 45°, 
the melting point of the solidified material being the same as that 
of the original substance. H. W. 


Acetone Glycerol [isoPropylideneglycerol] and its 
Applicability to the Preparation of Pure u-Glycerides ; A 
Compound of Phosphoric Acid and Glycol. Emil Fischer 
and Ernst Pfahler ( Der 1920, 53, [/l], 1606 — 1621).. — The 
present communication is devoted to a general survey of the possi- 
bility of using fsopropylideneglycerol in the syntheses of pure 
o-monoglycerides (compare preceding abstract). Further confirm- 
ation of the constitution assigned to the substance by Irvine, 
Macdonald, and Soutar (T., 1915, 107, 337) is found in that tri- 
methylene glycol does not condense with acetone under conditions 
which readily yield products with ethylene and propylene glycols 
and with glycerol o-chloro- and a-iodo-hydrin. The introduction 
of the dihydroxypropyl complex into other substances appears to 
be most readily effected by means of fsopropylideneglycerol-a-iodo- 
hydrin; the chlorine atom of the chlorohydrin is too firmly retained 
fos this purpose. 

isoPropylideneglycerol is prepared in 77% yield by the treat- 
ment of anhydrous glycerol with dry acetone containing 1% of 
hydrogen chloride in the presence of anhydrous sodium sulphate 
at the ordinary temperature; the bulk of the acid is removed by 
agitation with lead carbonate, and the filtrate is fractionated in 
the presence of a little silver oxide; the substance has b. p. 82*5°/ 
11 mm., Df 1-0678, Df 1 0721, n g 1-43509. 

isoPropylidentylycerol-a-chlarohydrin, b. p. 157°/767 mm., 
Df 1-109, Df 1-1079, ug 1 43750, is obtained from glycerol-a- 
chlorohydrin, b. p. 1 1 3° / 1 0 mm. (which is conveniently prepared 
by the protracted boiling of rpichlorohydrin with water) ; it is 
unaffected by aqueous acetone at 100°, and only slowly attacked 
by an excess of aqueous potassium hydroxide at 125° or by methyl- 
alcoholic ammonia at 100°. Protracted heating with sodium 
iodide and alcohol at 100° transforms it into glyeerol-a-iodohydrin, 
m. p. 49 — 50°. 


isaPropylideneglycerol-a-iodohydrin, CM©,<f > s ., b. 

(J'Oxl’t/xljl 


79°/ 10 mm., Df' 1-652, Df 5 1-648, ng* 1-50589, < 5 1 50460, con- 
denses with ethyl sodiomalonate in ethyl-alcoholic solution to ethyl 
fly isopropylidenedioxypropylmalonatt, 


CMe!< '0-CH'CH„-CH(C0,Et) 2 


hh 2 
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colourless oil, b. p. 155 — 156°/ 10 mm. (the lead salt, broad ] — w 
or leaflets, +H a O, and the calcium salt, needles, + 2'5H a O, of the 
corresponding acid, are described). 

isoProvylidcneglycerol acetate , mobile oil, b. p. 84°/9 min., 87°/ 
12 mm., Di s 1 0771, n 1-42911, is obtained in 83% yield by the 
action of acetic anhydride and pyridine on isopropylideneglycerol, 
and is converted by" .V/4-sulphuric acid at 45° into(-a-monoacetin, 
b. p. 103°/0 4 inm.; even at the lowest possible pressure, some 
slight decomposition occurs during distillation, and this increases 
rapidly in proportion as the pressure is raised. For synthetic 
purposes, it is therefore preferable to use the undistilled com- 
pound. (This observation makes it very probable that all the 
mono- and di-glycerides previously described, and purified by dis- 
tillation under a pressure of 10 mm. and more, are not homo- 
geneous.) a-Monoacelin reacts with p nitrobenzoyl chloride in 
the presence of chloroform and pyridine to yield glyceryl fly-di-p- 
nitrobenzoate a-acetate , microscopic, three-sided platelets, m. p, 

129 130° (corr.); attempts to eliminate the acetyl group by 

methyl-alcoholic ammonia, and thus to obtain nfl-di-p mtrobenzoyl- 
glycerol, did not lead to the desired results, since total alcoholysis 

isoPropylideneglycerol is converted by phosphoryl chloride and 
quinoline at. -20° into Py-isopropylidened-ioxypropyl phosphate, 

PM- / u ' < i ' ll 2 , which is isolated in the form of 

CM **<0'CH-CH 2 -0-PO(OH) 2 ’ 

its barium salt, shining platelets ( + 3H 2 0) ; 3 64 parts of the 
anhydrous salt dissolve in 100 parts of water at 2o . The corre- 
sponding silver, lead, and mercury salts are described The 
barium salt is transformed by sulphuric acid into o-glyceryl phos- 
phate, which is isolated as the readily soluble amorphous or 
sparingly soluble crystalline barium salt (the silver salt colou less 
needles, is described). Dr. isopropylideneglycerol monophosphate s 
contained in the mother liquors obtained in the experiment just 
described, and is isolated as the readily soluble barium salt, 
CyH^O^PJBa (the corresponding lead, Sllver ’ and , mer /'"VL 
are described); acetone is removed by treatment with dib 
sulphuric acid, thereby yielding diglycerol ” lon0 P hm f V 
rOH-CH,-CH(OH)-CHj,-OVPO-OH, which is obtained as « 
amorphous barium salt; the corresponding silver, lead, mercury, 
copper, and zinc sal's are freely soluble in water. 

Ethylene glycol is transformed by phosphoryl chlori 
pyridine at - 20° into 0-chloroethyl phosphate, 
CH„C1-CH 2 -OPO(OH),, 

which is isolated as the barium salt, colourless needles (+«£)■ 
the corresponding silver salt, slender needles, and lead salt, colon 
less, amorphous precipitate, are described. 11 ■ 

Wandering of Acyl Groups in Glycerides. “ 

(Ber., 1920, 53, [B\ 1621 — 1633). — lu previous s y nt ^ o 
glycerides, it has generally been assumed that the acy g 
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retain their respective positions in the molecule when other sub- 
stituents, such as halogen atoms, are removed. The observations 
of Fischer, Bergmann, and Lipschitz on the migration of acyl 
groups during the partial hydrolysis of acylated phenolcarboxylic 
acids (A., 1918, i, 172) have, however, cast some doubt on the 
general validity of this assumption, and it is now shown that 
similar instances of migration are encountered with glycerides, The 
problem is investigated in the following manner. On the one hand, 
an a-monoacylglycerol , 0_A-CH. 2 -CH(OH)-CH,-OH, is converted 
by an acid chloride, BC1, in the presence of pyridine or quinoline 
into the mixed triglyceride. OA‘Cn. 2 -CH(OB)-CH 2 *OB ; on the 
other hand, glycerol a-iodohydrin is transformed by BC1 into the 
diacyl iodohydrin, Cff.f'C H (OBl'OII.-OB, which would be 
expected to be converted into the diacyl derivative, 

OH-CTI 2 -CII(OB)-CHyOB, 

which, by treatment with ACI, should pass into (he mixed tri- 
glyceride, OA'CHo-CH(OB)'CH,/OB, identical with that obtained 
by the first process. Actually, however, it is found that an 
isomeride of higher melting point and smaller solubility is pro- 
duced, so that a displacement of an acyl group must have occurred 
during one of the changes. It appears probable that the migra- 
tion of the acyl group from the B- to the a-position occurs at the 
stage of the elimination of iodine, and although at present it is 
impossible to give an exact account of the mechanism of the 


change, it is suggested that an intermediate compound of the 
* CfV<X „ ,, , 

7p( ' : NO/C (i H ) -C0-O-CH,-CH~O^ C< 'OH (m the ca5e of 
the di-p-nitrobenzoyl derivative) is produced. aa'-Diglycerides are 
obtained with such readiness from a/3-diacyl-y-iodohydrins that 
this constitutes their readiest method of preparation. A some- 
what similar series of actions has been effected by Griin and 
Schreyer (A., 1913, i, 159) with the corresponding chlorohydrins, 
but it is thus rendered highly probable that, their “ a0 -di- 
glycerides" are really ay-compounds, 
y -1 odokyd ri n afi-d /-p-» i trobenzoate. 


CH 2 T*CH(0-C0*C fi H 4 -N0,)*CH. 2 *0-C0*C (l H t 'N0 2) 
pointed needles, m. p. 102 — 103°, is obtained by the interaction of 
p-nitrobenzoyl chloride and a-iodohydrin (alival) in the presence 
of chloroform and pyridine, and is converted by silver nitrite in 
boiling aqueous propyl-alcoholic solution or of silver acetate in 
the presence of warm glacial acetic acid into glycerol ay-r/t-p-mfro- 
benzoate, 0H*CH(CII il , 0 , C0 , Cc 1 H 4 *N0.j)u, thin, colourless, four- 
sided, rhombic leaflets, m. p. 136 — 137° (corr.). The latter is con- 
verted by acetic anhydride in the presence of dry pyridine at the 
ordinary temperature into the corresponding fi-acetyl derivative, 
long, slender needles, m. p. 161° (corr.). 

y -Iodohydrin, afi-distearate, small needles, m. p. 52 — 53°, is 
similarly converted successively into ay -distearin, colourless, broad 
needles or platelets, m. p. 78‘5 — 79° (corr.), and glyceryl J3 -acetate 
ay -distearate, silky needles, m. p. 64°. Ghjceryl ctrcicetate $y- 
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dkUamte (from pure a-monoacetin and stearyl chloride in (],, 
presence of chloroform and quinoline) crystallises in needles 
m. p. 59°. 

Glyceryl a-benzoate fiy-di-p-vilrobenzoate crystallises in lone, 
colourless needles, m. p. 122 — 123° (corr.), whilst the isomeric 
glyceryl 0- benzoate ay-di-p-nitrobenzoate , long, four-sided rods 
has m. p. 152 — 152'5° (corr.). Similarly, glyceryl a-p -vitro- 
benzoate 0y -distearate forms slender, silky needles, m. p. 74'5 5 , 
and glyceryl fl-Tp-nitrobenzoate ay-distearate crystallises in slender 
needles, m. p. 61°. y-lodohydrin aft dibenzoate, long, colourless 
needles, has m. p. 56 — 57°. Di-iodohydrin p nitrobenzoate, from 
/; nitrobenzoyl chloride and the di-iodohydrin (Jothion) in the 
presence of chloroform and pyridine, forms microscopic, four-sided 
prisms, m. p. 82 — 83° (corr.). H. \V. 

Interaction of Ethylene and Selenium Monochloride, 

Harold William Bausoh, Charles Stanley Gibson, and Willi « 
Jackson Popf. (T., 1920, 117, 1453—1456). 

The Influence of Electrolytic Dissociation on the Dis- 
tillation in Steam of the Volatile Fatty Acids. Joseph 
Reilly and Wilfred J. Hickinbottom (.5 lei. Proc. Roy. Dull. 
Sac., 1920, 16, 120 — 130). — When dilute solutions of volatile fatly 
acids are distilled, they show deviations in their distillation con- 
stants, These results cannot be explained on the basis of tie 
possible occurrence of molecular complexes in the solution or of 
hydration of the solute. The deviations are probably due to 
electrolytic dissociation, since the deviation increases with the 
dilution, and is most marked with acids possessing a comparatively 
large dissociation constant. The authors have deduced a mathe 
matical expression to represent this dissociation during distillation, 
and thus to correct the distillation constant. Applying this correc- 
tion, it is found that the distillation constant is practically 
independent of the dilution. 

The addition of certain salts and acids increases the distillation 
constant of acetic acid, but the amount of increase is dependent 
on the nature of the salt added The addition of a solution of 
copper sulphate containing 1 gram-mol. per litre to a dilute acetic 
acid solution causes a diminution in the distillation constant. 

W. 6- 

Preparation of Ethylidene Diacetate. SocietI; Chimiqie 
des Usines du Rhone Anct. Gilliaru, P. Monnet et Cartier 
(D.R.-P. 322746; from Chem. Zentr., 1920, iv, 437 ).— Acetylene 
is treated with acetic acid and mercury salts in the presence ot 
catalysing agents, the use of mercuric acetate and sulphuric ester- 
being particularly cited. Acetylene is very rapidly absorbed in the 
presence of methylene sulphate at 40 — 65°, or of methyl sulphate 
at 70 — 80°, and the harmful effect of free mineral acids is avoided. 
Ethylidene diacetate, purified by fractional distillation in s 
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vacuum after addition of sodium acetate, is obtained in almost 
theoretical yield. H. \y 

Anhydrides of the Higher Aliphatic Fatty Acids. III. 

D. Holef. and H. Smelkus ( Ber ., 1920, 53, [JJ], 1889 1897). 

The preparation and purification of the anhydrides of the higher 
fatty acids have been investigated, mare particularly in connexion 
with their possible use as articles of food in place of the glyceride 
fats. The material employed was the mixture of fatty acids from 
linseed oil and commercial olein, which was purified by distillation 
under diminished pressure. Albilzky s method of dehydration by 
means of acetic anhydride at 150—160° was adopted, and it was 
found that the proportion of anhydride recommended (5'5 times 
that theoretically necessary) is undoubtedly in excess of that 
actually required ; the crude anhydrides cannot be freer! from acetic 
acid and excess of anhydride by treatment with steam, since they 
are thereby almost entirely converted into fatty acids, and the 
yields of anhydrides cannot be estimated by titration of the pro- 
ducts with A T / 1 0* or A'/ 20-alcoholic alkali, since the anhydride is 
slowly converted into a mixture of the ethyl ester and sodium salt 
of the fatty acid. Attempts to separate the anhydrides from the 
fatty acids by means of alcohol were not successful, since, although 
the fatty acids from linseed oil, for example, are completely soluble 
in 72% alcohol (by volume), whilst the anhydrides are almost 
insoluble, the solubility of the latter is considerably affected by the 
presence of the former, possibly also by tbo formation of ethyl 
esters. With stronger alcohol, the solubility of the anhydrides iu 
the presence of the fatty acids is uniformly greatly increased. 
Distillation under diminished pressure is unsuitable for the separ- 
ation of oleic anhydride and oleic acid, since the former is decom- 
posed during the process; as this has also been shown to be the 
case with palmitic acid, it appears to be true generally for the 
higher fatty acids and their anhydrides. The only satisfactory 
method appears to consist in treating the mixtures with solid 
sodium carbonate or with aqueous solutions of the latter. 

H. W. 

Anhydrides of the Higher Aliphatic Fatty Acids. IV. 

D. Hot.de and Ida Tacke (Ber., 1920, 53, [ II ], 1898 — 1907. 
Compare preceding abstract). — Further experiments on the pre- 
paration and properties of the mixtures of fatty anhydrides, 
obtained by the action of acetic anhydride on the fatty acids of 
linseed and rape-seed oil and on oleic acid, are described, particu- 
larly with a view to the possibility of their substitution for fats as 
foods. The proportion of acetic anhydride can be reduced to 3’5 
times that theoretically necessary without reducing the yield below 
83'5% (possibly this proportion can be still further reduced and 
the dehydration performed under ordinary pressure). Excess of 
the reagents is removed by distillation under diminished pressure, 
and further purification of the anhydrides is effected by treatment 
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with powdered sodium carbonate or aqueous sodium carbonate 
solution (5%). The purity of the products is conveniently 
examined by determination of the molecular weight in benzene 
solution. The mixtures of anhydrides have generally a somewhat 
higher melting point than the fatty acids from which they are 
derived, and, at the ordinary temperature, are semi-solid and some- 
times partly crystalline. The viscosity and volatility is about the 
same as those of the corresponding glycerides, which they also closely 
resemble in refractive index. They are decomposed by A’ / 10 or 
more dilute alcoholic alkali hydroxide solution into almost exactly 
equivalent amounts of alkali salt and ethyl ester of the fatty acids, 
but the so-called saponification number can be estimated accurately 
with Nj 2-alcoholic potassium hydroxide. Mixed anhydrides of 
the fatty acid and acetic acid are not present in the products. 

H. \Y. 

The Alkali Lactates as Substitutes for Glycerol [Per- 
and Perka-glycerin], Carl Neuberg and Elsa Rhinfurtu 
( Ber ., 1920, 53, [/?], 1783 — 1791). — Apart from its use in the pro- 
duction of explosives, glycerol is extensively applied technically to 
the production of plastic masses, as a lubricant, as a solvent for 
heating baths, for the preservation of anatomical preparations and 
surgical instruments, and for pharmaceutical purposes. Its many- 
sided applicability depends mainly on its viscosity, hygroscopicity, 
and neutral character. The shortage of natural sources of glycerol 
experienced by the Central Powers during the war has directed 
attention to possible substitutes, which have been found in aqueou? 
solutions of the sodium and potassium salts of fermentation lactic 
acid (per- and perka-glycerin respectively). As generally prepared, 
both salts consist of colourless, viscous substances with a not un- 
pleasant saline taste, which are stable at elevated temperatures, 
and pronouncedly hygroscopic. They only crystallise when in a 
very highly purified condition, and readily yield strongly super 
saturated solutions, which are miscible in all proportions with 
water and alcohol. They are not poisonous, and do not irritate 
the membranes. They have this economic advantage over glycerol, 
that their preparation permits a much better utilisation of the 
initial material (sugar, etc.), since this can be so fermented as to 
yield 95% and more lactic acid, whilst, on the technical scale, it 
only gives one-fifth tr one-fourth of its weight of 'glycerol; further, 
for many purposes, the glycerol substitutes can be used in more 
dilute solution than glycerol itself. An extended account is given 
of the application of the substitutes in the armies and navies of 
the Central Powers, and of their use for medical and cosmetic 
purposes, for details of which the original paper must be consulted ; 
in general, however, it may be stated that they well fulfil all the 
non-explosive purposes to which glycerol is usually applied. 

It has been observed during the industrial preparation of sodium 
and potassium lactates that these salts can be crystallised from 
highly concentrated aqueous solutions, but the solid preparations 
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do not give uniform results on analysis, since the fermentation acid 
is a mixture of racemic and optically active lactic acids. 

Tables and graphs are given showing the densities of aqueous 
solutions of “per- and perka-glycerin ” at 15°, the freezing point 
of solutions of “ perglycerin ” at differing concentrations, the com- 
parative freezing points of solutions of '‘perglycerin" and glycerol 
of similar molecular concentrations, the boiling points of solutions 
of “perglycerin,” the comparative hygroscopicity of solutions of 
“perglycerin” and glycerol at 25°, and the viscosity of “per- 
glycerin.” H. W. 

The Methodical Degradation oi Saturated Dibasic 
Acids of High Molecular Weight. Mabcil Godchot 

( Compt . rend., 1920, 171, 797 799). — The method used by Bouvet 
and by Barbier and Locquin (A., 1913, i, 700) for the conversion 
of saturated bibasic acids into corresponding acids containing two 
atoms less of carbon is found to be applicable to the higher acids 
in the series. 

Thus, ethyl suberate yields with magnesium phenyl bromide 
aaSd-tetmphenyloctane-ati-iUoI, m. p. 112- -113°. which, when 
dehydrated, gives tm$$-tetrapkcnyhela-i!*-ditni, 
cph 2 :cii'[CH,] 4 -CH:cPh ;i 

m. p. 92 — 93°, and this, on oxidation, gives adipic acid. 

In a similar manner, ethyl azelate gives, in turn, aan-tctra- 
phenylnonane-ai-diol, m. p, 130°, aau-tetraplicnylnona-^-diene, 
b, p. 310°/20 mm., L 40 1'047, and pimelic acid, whilst ethyl sebacate 
gives aaKK-telmphenyUlecune-aK-diot, m. p. 131 — 132°, ai Kn-letra- 
phe.nijldecarb.' , -ditnt, m. p. 107°, and suberic acid. W, G. 

The Isomeric Forms of Mesityloxidoxalic Acid and 
its Esters. W. Dieckmann ( Ber 1920, 53, [B], 1772 — 1782). — 
The n- and /3-forms of mesityloxidoxalic acid and its esters have 
generally been regarded as typical cases of keto-enolic desmotropy 
(compare Claisen, A., 1896, i, 557; Diniroth, A., 1907, i, 663; 
Michael and Hibbert, A., 1907, i, 1010; 1908, i, 28; Michael and 
Murphy, A., 1908, i, 949; K. II. Meyer, A., 1911, i, 865), The 
a-com pounds are, beyond doubt, enolic forms, but, on the other 
hand, the conception of the j8-compounds as ketones is no longer 
tenable. The behflviour of oxalyl derivatives of the typo 
R-CO-CTL-GO-CO..R 

is generally in accordance with Claisen's rule that the tendency 
towards enolisation and the enol content, of the equilibrium mix- 
ture increase with increasing acidity of tho acyl groups; with 
mesityloxidoxalic esters, however, the equilibrium mixture contains 
only a small percentage of the enolic form, and, further, the 
tz-estcr, when distilled, passes mainly into the neutral 0-ester. It 
is likewise remarkable that, whereas the enolic forms of aceto- 
phenoneoxalic acid and propionylpyruvic acid can be crystal- 
lised unchanged from bulling water, a-mesityloxidoxalic acid passes 

h h* 
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completely into the /3-acid when treated in this manner. Similar 
anomalies are exhibited by a-mesityloxidoxalic acid with respect 
to its rate of transformation in alcoholic solution ; with substances 
of the type R*CO-CH 2 -CO*R', equilibrium is generally established 
at 25° in the absence of catalysts within a day, and the rate of 
transformation is* very greatly catalysed by alkaline agents, and to 
a very much smaller extent by acids; with a-mesityloxidoxalic ester, 
the change proceeds so slowly at the atmospheric temperature that 
equilibrium is only attained after several months, the velocity 0 f 
transformation is catalytically influenced to an unusually small 
degree by alkaline agents, but very markedly by acids, even at 
very small concentrations. It therefore appears that the a- and 
/3-forms cannot be regarded as keto-enolic desmotropes, and their 

isomerism is attri- 


CO 

/\ 

HC CH 

Me,C C-C0 2 H(R) ^ Me’c C-CO s H(R) y “ to pyro f 

/ derivatives, accord- 

ing to the annexed 

scheme. This conception is in harmony with the observed equil- 
ibrium relationships and rates of transformation, and generally 
interprets the chemical behaviour of the 0-forms better than does 
the ketonic formula. It thus explains Claisen's observation tliat the 
aniline salt of the 0-acid, in contrast to that of the a-acid. does rot 
pass into the anil in hot alcoholic solution, and the fact that 
whereas a-mesityloxidoxalic acid and its esters are readily con- 
verted by phenylhydrazine into phenylpyrazole derivatives, tie 
0-acid and its esters yield normal phenylhydrazones, which do rot 
pass into pyrazoles, even after protracted warming with glacial 
acfetic acid. The physical properties of the 0-forms are shown to 
be in harmony with the dihydropyrone formula. It is remarkable 
that Claisen, iu his preliminary note on these compounds (Bet. 
1891, 24, 115), considered that the 0-varieties are dihydropyrone 
derivatives, but that this conception is abandoned in the subse- 
quent fuller account (he. cit.) in favour of the ketonic structure. 

Methyl a-mesityloxidoxalato is converted by phenylhydrazine in 
glacial acetic acid solution into methyl l-pAf»yf-5-&*-iso- 
6 Me»C:CH-C:CH-C-CO„Me , ,, 

butenylpyrazole-Z-cc -hoxylate , p.X -g , commits 


buted to the con- 
version of the 
a-forms by ring 


crystals, m. p. 108°, which is hydrolysed by alkali to the corre- 
sponding acid , colourless needles, m. p. 167° (which is also obtains 
from the a-acid and phenylhydrazine in acetic or hydrochloric acri 
solution); the methyl ester of the 0-compound gives the phenyl- 
hydrazone of methyl 2 : 2-dimethyl-l : ‘i-dlhydrn-y-pyrone^i-MO- 
oxylate, intensely yellow crystals, m. p. 163°. II- 

Organic Salts of Iron. II. Perric Citrates and 
Amm oniacal Ferric Citrates. E. Belioni (Gazzetta, 

50, ii, 159—212. Compare A,, 1909, i, 283).— The author div 
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cusses the literature, dealing, first, with complex organic cations 
and anions containing iron, and, secondly, with the chemistry of 
the ferric and ammoniacal ferric citrates. All the hypotheses 
which have been advanced to explain the structure of ammoniacal 
citrates of iron are based on the existence of normal ferric citrate, 
C IJ-0 ; Fe, which has been assumed from the resufts of old, insecure 
analyses. The chemical behaviour of ferric citrate renders it prob- 
able that the iron is present as a complex cation, and the con- 
cordant results of analyses of different preparations of the citrate 
lead to the formula [Fe 3 (C c H 5 0 7 ).,(0H),]JC„H 3 0 7 ,8Hj0. The 
citrate represents, indeed, a dicitratoferric citrate, in which there 

appears a new term of the series of univalent cations, j, 

where X indicates a univalent acid radicle. The base, 
[Fe s (C 8 HA) ? (OH)JOH, 

of the citrate forms also a platinichloride, the. existence of which 
confirms the fact that only one-seventh of the combined citric acid 
of the citrate is ionisable. The structure of the citraloferrio ion 
must be analogous to that established in the case of ferric formate 
(he. cif.), and confirmed by Weinlaml and Gussmann (A., 1909, 
i, 872; 1910, i, 296, 457, 537) and Herz (A., 1899, i, 416) for ferric 
and chromiferric acetates, and is shown in the annexed formula. 

This complex ion 


CH„ — CO-0, 
i 5 >Fe-OH 

C(0H)-C0-0 


.O-CO-CHj 

At 


C(OH)-COO 
i ' ' >Fe-OH 

GH, — COO 


differs from those of 
other organic iron 
salts in that the 
central iron atom is 
united to two citric 
radicles, which arc . 
held in the complex 
by both a principal 
and a secondary 
valency. Ferric 
citrate must hence be 


regarded as an internal complex salt (compare Ley, A., 1905, 
i, 175), analogous to the cuprous compound of glycine (Bruni and 
Fornara, A., 1904, i, 855), to the cobalt, ous compounds of dimethyl - 
glyoxime (Tschugaev, A., 1906, i, 984), and to the compounds 
recently described by Werner and Matissen (A., 1918, i, 879). 
The chromic compound corresponding with this ferric compound has 
also been obtained . 

As regards the red ammoniacal ferric citrate, obtained by addi- 
tion of ammonia to a solution of the dicitratotriferric citrate, it is 
found that four molecules of any alkali are absorbed by the 
dicitratotriferric cation without disturbance of the equilibrium 
permitting of the existence of this complex; further addition of 
an energetic alkali destroys the complex, but excess of ammonia 
does not affect the nfcw complex. The composition of the 
ammoniacal product, the fact that 2U 2 0 is eliminated only at 
120°, and its chemical properties, indicate that it is diaquodiferryl- 

h h* 2 
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citratotelramminoferric citrate. With only 2 mols. of ammonij, 
ferric citrate forms diaquocitratoferrylcitratodiammmo-oldiferri c 
citrate. With both these ammoniacal ferric citrates, only onj. 
seventh of the combined citric acid is ionisable, and the correspond, 
ing platinichlorides have been obtained. The tetrammino-citrale 
(1 mol.), like other ferric salts, is able to dissolve excess of ferric 
hydroxide (up to 6'66 mols.); the solutions thus obtained may b e 
concentrated without undergoing change, and then yield scaly 
products, which increase in brittleness and opacity as the per- 
centage of dissolved hydroxide increases. 

The interaction in the hot of 2 mols. of ferric hydroxide and 
3 mols. of citric acid yields tricitratodiferric acid, 
[Fe 2 ((! c H 4 O 7 ) 3 ]H 0 , 

and treatment of this with 3 mols. of ammonia gives the tri- 
ammonium ferricitrate, [ F ( t’,T 1 4 0 7 ),] ( N H 4 ) :! II, , which is the green 
ammoniacal ferric citrate used pharmaceutically. The mono- 
ammonium and diammonium salts were also prepared. 

Diaquodicitratodioltriferric citrate , 

[Fe 3 (C 6 Hj0 7 ).,(0H) J (0H»)»]J t C 6 H 5 0 7 ,6H. 2 0, 
forms a reddish-yellow precipitate, and the platinichloride, 
[Fe 3 (C 6 H 5 0 : ),(0H),]iPtCl c ,5II 2 0, 
a reddish-brown, crystalline powder. 

Diaiiuodicilratodioltrichromic citrate, 

[Cr 3 (C 6 H 5 0 7 ) 2 (0H) s ]JC 6 H 5 0 7 ,6H 2 0, 
forms blue scales with a violet reflexion, and the platimchloridi , 
[Cr 3 (C 8 H 5 0 7 ) s (0H) i liPtCl c ,5H,0, a violet, crystalline powder. 

Diaiiuodifernjlciiratotetrammhwferric citrate, 

{Fe[C ( .,H J (FcO)0 7 (NH 4 ),] 2 (OH,).,)JC f; H 5 0 7 ,2H 3 0, 
forms garnet-red scales, and the corresponding platmichloriit. 
{Fe[C 6 H 4 (Fe0)0 7 (NH 4 ) 2 ] 2 (0H,),JiPtC] c ,3H 2 0, a reddish-bnm. 
microcrystalline powder. 

Diaqubcitratoferrylcitrato-oldiamminodiferric citrate, 


forms large, reddish-brown scales, and the platinichloride a reddish- 
brown , microcrystalline powder. 

Tricitratodiferric acid , [Fe. 2 (C ri Hj0 7 ) 3 ]H c , forms yellowish-bran 
scales, and t rhodium and triammonium tricitratodifermM . 
[Fe 2 (O 0 H 4 O 7 ) 3 ](NH 4 ) 3 H 3 , green scales. ■ 

Diammomum * ricitratodifernate , [Fe 2 (C G ll 4 U 7 ) 3 jtiN n 4 )ai 4 , 
yellowish-green, and the viou oa mviou i u m compound, 
[Fe 2 (C 6 H 5 0 7 )J(NH 4 )H„ 

yellow; both are highly hygroscopic. n - 


Aldol Condensation and Formation of Resin by * 
Action of Dilute Alkalis on Acetaldehyde. 

Hammarsten (Annalen, 1920, 421, 2^3 315).--In a F?, 
paper (this vol., i, 710), the Cannizzaro reaction with acctamen 
has been discussed, and the present communication ea s m ^ 
with the simultaneous formation of aldols and resin. 



ORGANIC CHEMISTRY. 


i. 817 


materials which have been examined are acetaldehyde and acet- 
aldol, acetone, and dimethylacetonylcarbinol, OH-CMe„-CH„'COMe, 
whilst the bases are the hydroxides of potassium, lead,' and' barium 
at 0°, 18°, and 50°. The estimation of acetaldehyde in the presence 
of aldol cannot be accurately performed by simple distillation of 
the mixtures, since the latter is sensibly decomposed before the 
former is quantitatively volatilised. A convenient method consists 
in drawing a rapid stream of purified air through the mixture at 
25 — 30°/25 — 30 mm.; acetaldehyde is thereby volatilised, and is 
absorbed by a measured volume of .V/ 5-iodine solution in the 
presence of jV 7 / 1-potassium hydroxide, the excess of iodine being 
subsequently titrated with J/ 10-thiosulphate. A molecule of acet- 
aldehyde reacts with four atoms of iodine apparently in accord- 
ance " with the equation 2Me-CHO + 8T + 3KOH = 2CHI.+ 
H’COjK + MeOH + 2KI + 2IL,0, Acetaldehyde and aldol cannot 
be sufficiently sharply separated by extraction with ether, the 
respective partition coefficients between ether and water being 
4 15 and 0 6G. Tbe aldols cannot be estimated titrimetrically or 
colorimetrically, and they are therefore determined by first, remov- 
ing the bulk of the resin by filtration of the solution, and then by 
exhaustive extraction with ether. The ethereal solution is dried, 
the solvent is removed at a low temperature, and the residue is 
weighed after being exposed to tbe action of phosphoric oxide at 
atmospheric pressure during twenty-four hours. The aldols are 
subsequently volatilised at 120°/ 10 mm., and any residual resin 
is weighed. The possibility of applying the magenta-sulphurous 
acid colorimetric method to the estimation of aldols has been 
examined, and it is found that freshly distilled acetaldol gives a 
coloration about 0'fio times as intense as that of an equivalent 
amount of acetaldehyde; the higher aldols, however, do not give 
a coloration. 

The results are given in a series of tables, for which the original 
paper must be consulted. It is shown that, the chief reaction 
between dilute acetaldehyde and alkalis consists in the formation 
of aldols, and that this occurs with hydroxyl-ion concentrations, 
which are as low as 2'5 x 10 -6 gram-ion per litre. The aldols are 
not utilised in subsequent reactions, such as formation of resin, 
even when the temperature is raised and the time of contact pro- 
longed. Acetaldol is the primary condensation product, but it 
rapidly passes for the greater part into higher aldols, of which 
OH-CHMe-[CH 2 -CH(OH)VCH.,-CHO has been identified. Under 
the conditions adopted, less than 40% of aldols has never been 
obtained from 0'5.¥-acetaldehyde solution. It appears, therefore, 
that the more complex aldols cannot yield aldehyde resin, which 
is, howeveT, produced from acetaldol. 

The Cannizzaro reaction occurs far less rapidly than the aldol 
condensation, but appears to be relatively more noticeable with 
more concentrated than’with dilute solutions of potassium hydr- 
oxide; with barium hydroxide, the influence of concentration is 
less marked. Lead hydroxide is peculiar, since it induces neither 
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Cannizzaro’s reaction nor resin formation, although production 0 [ 
aldol is fairly rapid. Temperature appears to have about the 
same catalysing action on all the changes, and the final equilibrium 
is therefore independent of this factor. 

The constitution of aldehyde resin has been further investigated ■ 
for this purpose, aqueous solutions of acetaldehyde (2A) are allowed 
to remain for five to six days with an equal volume of aqueous 
potassium hydroxide solution (10%) at the ordinary temperature 
The solution is exactly neutralised with hydrochloric acid, wherebv 
the ordinary red resin, m. p. about 120° (decomp.) after soften, 
ing from 96°, is precipitated, which is identical with the a- and 
j3-aldehyde-resin described by Ekecrantz (A., 1912, i, 758', 
Further addition of a large volume of concentrated hydrochloric 
acid to the filtrate causes the separation of a very pale straw 
yellow resin, which has in. p. 120 — 130° after softening at 105 3 
and commences to decompose above 200°. It appears to be a 
definite substance containing 66-13 — 66 73% C and 7 45 — 7'68% H 
mol. wt. 396 — 412. The yellow resin appears to be first formed 
since aldehyde solutions are initially coloured yellow by alkali and 
then clouded by the formation of a yellow precipitate, which 
darkens in colour as it increases in amount. It is uncertain 
whether the red resin is formed independently or through the 
yellow variety, but the former hypothesis is the more probable, 
since an alkaline solution of the yellow resin does not become turbid 
when preserved. The formation of aldehyde resin is not to be 
regarded as the final stage in the condensation of acetaldehyde: 
in solutions of the latter, the formation of acetate, ethyl alcohol, 
aldols, yellow and red resin, proceeds simultaneously. 

Preliminary experiments with acetone indicate that, under the 
conditions adopted, an equilibrium is rapidly obtained between 
acetone and its condensation products in which not more than 
14% of the former (at its boiling point) has undergone change. 
Complementary investigations with diacetone alcohol prove that 
this is a true equilibrium, and that this ketol is the main con 
densation product. H. W. 

Process for the Purification of Acetone. J. Docun 
and A. Lanzenberg (Bull. Soc. (him., 1920, [iv], 27 , 779—782), 
— The process is based on the fact that acetone forms with carbon 
disulphide a mixture with a minimum boiling point of 39°. To 
the acetone, 1-7 times its volume of carbon disulphide is added, 
and the mixture is distilled, all that passes over between 38° and 
40° being collected in three fractions. From these three fractions 
the acetone is extracted by water, and the aqueous extracts are 
distilled, the fraction boiling at 564 — 56'3° being collected. 
Methyl alcohol also forms a mixture with carbon disulphide which 
has b. p. 37'5°, and if this alcohol is present as an impurity m 
the acetone, the above process must be modified. The minimum 
b. p. distillate is left over potassium carbonate for some time before 
extraction with water, and copper sulphate is added to the aqueous 
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extract before its fractionation. In this way, most of the methyl 
alcohol is removed. W. G. 

Researches on Residual Affinity and Co-ordination. II. 
Acetylacetones of Selenium and Tellurium. Gilbert T. 
Morgan and Harry Dugald Keith Drew (T., 1920, 117, 
1456—1465). 

Preparation of Dihydroxyacetoxime. C. H. Boehringer 

Sohn (D.R.-P. 322845; from Chen. Zentr., 1920, iv, 437),— 
0-Nitropropylene glycol or one of its salts is treated with reducing 
agents in the presence of basic substances, such as the hydroxides 
of the alkalis or alkaline earths. Dihydroxyacetoxime, 

on-N:c(cn 2 -OH)j, 

is almost quantitatively convertible into glycerol. H. W. 


Constitution of Lasvoglucosan. Auk Pictet and Marc 
Cramer ( Helv . ('him. Ada, 1920, 3, 640 — 644). — Lxvoglucosan, 
obtained by Tanret (A., 1894, i, 564) and by Vongerichten and 
Miller (A., 1906, i, 198) by hydrolysing certain glucosides, by 
Pictet and Sarasin (A., 1918, i, 59) by distilling cellulose or starch 
under reduced pressure, and by Karrer (this vol., i, 370) by dis- 
tilling /3-glucose in a vacuum, reacts with excess of acetyl chloride, 
giving /3-acetochloroglucose (compare Skraup and Kremann, A., 
1901, i, 506). When heated on a water-bath with neutral or 
faintly alkaline permanganate solution, lfevoglucosan yields a 
syrupy compound, which does not reduce Fehling’s solution, is 

neutral to litmus, reacts 
with phenylhydrazine, giving 
the tiiphenylhydrazone, 
C 1 «H le 0 3 N t , m. p. 154- 
155°, yields a basic, crystal- 
line compound when treated 
with u - phenylenediamine, 
and is converted into a crystalline acetate by acetic anhydride. 
Formula I is attributed to this oxidation product and formula II 
to lasvoglucosan itself. T. H. P. 


00 CO 

CH-O-CH 

0-CH s -CH-0H 

(I) 


OH'CH CH-OI1 

CH-O-CH 
i . I 

■Cl 
(II.) 


Configuration of a- and /3-Glucoses. AmiS Pictet (Helv. 

Ohim. Acta, 19-20, 3 , 649 — 652). — That, of the two formulae for 
'/-glucose, namely, 

O , , O 1 

j OH OH H | OH 1 H OH H | OH 

II I 1 ! o n A II III 

! “C — C — C — C — OCHn'OH and — C — C — C — 0-C-CH s *0H 

ii iii i i i i j. 

H H OH H H OH H OH H H 

(I.) (H.) 

(I) represents the a- and (II) the /3-modification, is indicated by 
the following observations: (1) Tanret (A., 1895, i, 490) found 
that, at 110°, a-glucose is slowly converted into the /3-form; since 
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similar atoms or groups of atoms tend to repel one another, this 
transformation is more probably from (I) to (II) than from (In 
to (I). (2) Boeseken (A., 1913, i, 1147) found that, in order that 
an alcohol may increase the electrical conductivity of boric acid 
solutions, it must possess at least two hydroxyl groups attached to 
two neighbouring carbon atoms and situate in the same plane and 
on the same side of the carbon atom chain; as a-glucose exhibits 
this property, it should have formula (I). 

The accuracy of these indications is proved as follows by the 
author, the only assumption made being that the hydroxyls of 
glucose are able to react one with another, with loss of the elements 
of a molecule of water, only when such hydroxyls occur on the same 
side of the plane formed by the hydrofuran nucleus. With 
a-glucose there corresponds an anhydride, glucosan (compare Pictet 
and Castan, this vol., i, 594), which, having lost the hydroxy] 
groups attached to the first and second carbon atoms, possesses the 
grouping of an ethylene oxide, and can thus only have the structure 
(III). Lievoglucosan (preceding abstract), the anhydride of 
0-glucose, does not contain the primary alcoholic group of glucose, 
and corresponds with the configuration (IV). It is hence evident 
that a- and /3-glucoses correspond, respectively, with . formula I 


-o- 


0 H 


OH 


— c— c — c — 6 — <j*ch 2 *oh 

II III 

H H OH H H 


(III.) 


j o , 

H OH H OH 
ii i li 
1 — c — c — u — c — c — CH 2 

I h in h h | 

I 0 1 

(IV.) 


and II. The two anhydrides, differing so greatly in structure, are 
best termed, for the present, glucosan and laevoglucosan, and not, 
as suggested by Vongerichten and Miiller (Joe. cit.) and other?, 
a- and 0-glucosans. T. H. P. 


The Influence of Different Substances on the De- 
composition of Monos es by an Alkali and on the Inversion 
o! Cane Sugar by Hydrochloric Acid. H. I. Waterman and 

J. Groot (Proc. K. Akad. T Vetensch. Amsterdam , 1920, 23, 
149 — 161). — A study of the influence of o-phthalic acid, a- and 
0-naphthoic acids, cinnamic acid, o-coumaric acid, 1:2- and 2:3- 
hydroxynaphthoic ^oids, Schaffer salt, (/-salt, and sodium phenol- 
p-sulphonate, respectively, on the decomposition of dextrose by 
alkali, and of the influence of 1:2- and 2 : 3 -hydroxy naphthoic 
acids, cinnamic acid, o-coumaric acid, o-phthalic acid, a- and 
0-naphthol, and a-naphthoic acid, respectively, on the inversion of 
sucrose by hydrochloric acid. W, G. 

Polysaccharides. I. Methylation of Starch. P. Karrer 
(ffelv. Ghim. Acta , 1920, 3, 620— 625).— The author has succeeded 
in methylating starch by treating it with methyl iodide and silver 
oxide in water, or with methyl sulphate and baryta water, etc. I n 
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this way, three preparations have been obtained containing 1 
about 1*5, and 2 methoxyl groups, respectively, per C c H, fl O- The 
first is readily soluble only in cold water, the second dissolves also 
fo some extent m alcohol, and the third is readily soluble in water 
alcohol, or chloroform. Fehling's solution is not reduced by any 
of these compounds or by the mother liquors from which they are 
obtained. With iodine they give, respectively, reddish -violet 
brownish-yellow, and almost imperceptibly yellow colorations’ 
Preliminary molecular-weight determinations of the third pre- 
paration indicate the value 1000 -2000. 1 

The author considers that the crystalloid starch can be broken 
down into molecules only when soluble derivatives are prepared 
the process of dissolution effecting the depolymerisatiou His view 
of the highly polymeric polysaccharides is to some extent similar 
to that of Hess and Wittelsbach (this vol., j, 532), but it. should 
be unnecessary to employ a new name like 1 celluxose” to 
designate the true cellulose or starch molecule, such molecule 
differing from cellulose or starch only as a molecule does from a 
crystal (this vol., i, 370). T. H P 

Lignin and Reactions of Lignin. II. Peter Klason (her. 
1920, 53, [5], 1862 — 1863. Compare this vol., i, 148, 474).— The 
author has previously described the isolation of the naphthyl amine 

ialt, CHJt-CH u j from the lignin of the pine, and 

las now obtained similar compounds from fir, birch, beech, oak, 
linden, alder, and aspen, the composition of which, as indicated by 
estimation of nitrogen and sulphur, is practically the same in every 
case. Although the lignin of these different varieties is certainly 
not identical, it therefore appears that it invariably belongs to the 
same type. The lignin of herbaceous plants likewise yields yellow, 
cyclic arylammonium salts, but their composition differs consider- 
ably from that of those obtained from trees. H. W. 

. Constitution oi Pine Lignin. Peter Klason (her., 1920, 
[/?], 1864 — 1873). — The portion of lignin which contains an 
acraldehyde group, and in the form of its sulphonic acid yields 
cyclic, arylammonium salts, is termed acraldehyde lignin or 
a-lignin; it is identical with the constituent that yields the calcium 
lignosulphonate precipitable by calcium chloride. The second 
lignin present in wood, the. calcium sulphonate of which is not 
precipitable by calcium chloride, and does not give a cyclic salt, 
but contains a carboxyl group, is named carboxylignin or j8-lignin. 

The formula C ?2 H*)0 7 is deduced for a-lignin in the following 
manner.. The author’s analyses of calcium lignosulphonate give 
results in agreement with the formula C 40 H 44 O lft S 2 Ca [and thus 
harmonising with Honig and Spitzer’s analyses (A., 1918, i, 375) 
of the barium and calcium salts] ; the lignin residue contained in 
the salt must thus have the composition C 20 H 20 O 6 or C 2 oH 22 0 6 , 
md since it is known that an acetyl group is removed from lignin 
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during treatment with the sulphite liquor, the original a-lignin 
must have the composition and this deduction is j n 

harmony with the analyses of the cyclic naphthylamine salt. 
Lignin contains two methoxyl groups and one hydroxyl radicle 
as is shown by methylation with methyl sulphate, but the latter 
is acelylated in a-lignin. The general behaviour of a-lignin jj 
shown to be compatible with the conception of it as a flavone 
derivative, and the following formula is therefore suggested for it ; 

c-o-c c=ch c-ch:ch-cho 

C * Hs< 'C-CO-C(OMe)-C{OAc):C(OMe)-CH 

For /3-lignin, the formula C, 9 H 18 0 9 is deduced from the results 
of estimation of the ratio of a- to /3-lignin in wood, of the proximate 
analysis of wood, and the composition of a-lignin. It can be con- 
verted into a calcium lignosulphonate, which contains the same 
number of atoms of calcium as of sulphur, and in which, therefore, 
a carboxyl group is present (presumably the group CHRICH’CHO 
of a-lignin appears as CHR1CH-C0 2 H in /3-lignin). In the wood 
itself, the /3-lignin is probably attached to a cellulose residue, and 
the compound is to be regarded as a direct product of assimilation, 
19CH 2 0=C 19 H 18 0 9 + IOH.,0, rather than as a secondary compound 
produced from pre-formed cellulose (a-lignin is probably similar in 
its origin, 22CILO = C 22 H. h 0 7 + 11 H 2 0 + 20»). 

The quantitative separation of a- and /3-ligniu can be effected 
by means of (3-naphthylamine hydrochloride. The application ol 
this process, combined with the proximate analysis of pine wood 
by 70% sulphuric acid, indicates in it the presence of carbohydrates 
(68%), lignin (30%), and other substances (2%), 63% of the lignin 
being present as the a-variely and 37% as the 18-form. The fact 
that the two types of lignin are present in the very approximate 
molecular ratio 2:1 suggests that in all probability these sub- 
stances are present in wood as a combination, of which the carboxyl 
group is further attached to the cellulose molecule; this mode of 
occurrence would thus present complete analogy with the tannins. 

H. W. 

The Alkylamines as Solvents. Howard McKkf. Emu 
(J. Amer. Chem. Soc., 1920, 42, 2080— 2085) .—The amines 
examined were mono-, di-, and tri-methylamines, ethylamine, 
propylamine, and fsopropylamine in comparison with liquid 
ammonia. These amines were found to be fair solvents for many 
of the inorganic salts examined at the ordinary temperature. Tie 
solubilities have, however, high temperature-coefficients, and at 
the boiling point of liquid ammonia very few salts are perceptibly 
soluble in any of the amines. W- G. 

Diethylenetriamine and Triethylenetetramine. R° IitaT 
George Fargher (T., 1920, 117, 1351 — 1356). 

Tetraethylammonium. Hans Heinrich Schlubach (•Bfl'-i 
1920, 53, [3], 1689— 1693).— In the hope of obtaining a stable 
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ammonium radicle, the author has electrolysed a solution of tetra- 
efhylanimoniuni chloride in anhydrous liquid ammonia iu a 
specially designed cell, which is so- arranged as to exclude atmo- 
spheric air, the details of which are promised in a subsequent 
communication (compare McCoy and West, A., 1912, i, 539; 
Palniaer, A., 1903, i, 12). Dark blue streaks are immediately 
formed at the platinum cathode, and a dark bluish-black solution 
is ultimately obtained, which retains its colour during several hours 
at. -78°. It exhibits strong absorplion iu the violet and red. 
When the solution is evaporated at about - 100°, slow decomposi- 
tion takes place, and the residue consists solely of unchanged 
chloride; at —33°, a mixture of tetraethylamnionium chloride and 
triethylamine remains, showing that decomposition occurs accord- 
ing to the scheme 2NEt 4 =2NEt 3 + C 4 H 1( |, and therefore in the 
same manner as with the simple ammonium radicle. The solution 
instantly reacts with iodine, giving tetraethylammonium iodide. 
If a current of dry oxygen is passed over the cathode, the blue 
streaks disappear immediately, and, after removal of the solvent, 
a pale yellow residue remains, which appears to contain very little 
of the tetraethylammonium peroxide (as would be expected 
from analogy with similar experiments with potassium salts), and 
to consist of unchanged chloride mixed with about 70% of tetra- 
ethylammonium hydroxide. The coloration is also discharged by 
acetylene, but a compound analogous to potassium acetyliae does 
not appear to be formed Tetramethyl- and tetra-n-propyl- 
aramonium iodides behave similarly when subjected to electrolysis, 
but with phenyl triethylammonium iodide, diethylaniline immedi- 
ately separates at the cathode. Attempts to obtain the free radicles 
by the action of potassium, sodium, or calcium on solutions of tetra- 
aikylammonium salts in liquid ammonia have not been successful 
up to the present. The replacement of ammonia by pyridine or 
chloroform has not given satisfactory results. H. W. 

Glycine and its Additive Compounds with Neutral Salts. 

Harold King and Ai.bert Donald Palmer ( Biochem . ./., 1920, 
14, 574 — 583). — In the main, the results of Pfeiffer and Modelski 
(A., 1912, i, 949; 1913, i, 709) regarding the definite nature of 
the compounds of glycine with calcium, barium, and strontium 
chlorides of the type MCI,,, (C.,H-0.,N 1 f 2 0, and with lithium 
chloride and bromide of the types LiCl(or Br),C.,H r ,0 2 N,H 2 0 and 
LiCl(or Br),(C.,H 5 0 2 N) 2 ,H.,0, are confirmed. Additive compounds 
with potassium haloids were not obtained, but with sodium bromide 
and iodide, compounds, NaBr,(C.,H 5 0 2 N),,H 2 0, needles, and 
X a l , ( C, hi- O , N ) . , , H , O . needles, were obtained. A compound with 
calcium iodide, CaT.„(C.,H 5 0.,N),„3H 2 0, was isolated in the form of 
large, clear tablets. 

Glycine*usually crystallises in the monoclinic system, but when 
recrystallised from water it often separates in long needles or 
columns devoid of water of crystallisation. This is an unstable 
form, and gradually passes into the stable monoclinic form. The 
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purest stable glycine which the authors have prepared decomposes 
in the neighbourhood of 256° (uncorr.). There is progressive 
darkening from about 240° onwards. 

The observations of Falk and Sugiura (A., 1918, i, 292) are not 
confirmed. J. C. D. 

Behaviour of Glycine and its Allies on Electrochemical 
Oxidation. Fr. Fichter and Max Schmid (II eh. Chim. Acta 
1920, 3, 704 — 714). — Electrolysis of a solution of glycine in’ 
jV-sulphuric acid yields (1) a mixture of ammonia and various 
methylamines, the mixed chlorides of these being evidently what 
was regarded by Lilienfeld (A., 1904, i, 295) and by Kiihling (A., 
1905, i, 417) as ethylenediamine hydrochloride; (2) formic acid- 
(3) formaldehyde; and (4) carbon dioxide and monoxide. The 
initial reaction is expressed by the equation NHytTdvCO.II + 0- 
2 farads = NH 3 + CHjO + CO.,. The heat generated at the anode 
then causes interaction of the formaldehyde and ammonia, a mix- 
ture of mono-, di-, and tri-mcthylamine being produced (compare 
Fliichl, A., 1888, 1051); a similar mixture of bases may, indeed, 
be obtained by electrolytic oxidation of a mixture of formaldehyde 
and ammonium sulphate solution. As the electrolysis proceeds, 
the yields of ammonia and carbon dioxide diminish, the former 
the more rapidly, owing to progressive oxidation of the form- 
aldehyde; the final stage is represented by the equation 
NHj-CHj'COjH + 30 +0 farads = NII S + 2C0 4 +H 2 0. 

Electrolysis of aqueous sodium acetylaminoacetate solution gives 
carbon dioxide in greater yields than, and ammonia in about the 
same yields as, with glycine; acetic acid, formaldehyde, and formic 
acid are detectable among the products. Similarly, iminodiaceticacid 
undergoes rapid and complete oxidation according to the equation 
C0 2 H-CH 3 -NH-CH„-C0,,H + 60 + 12 farads - 4CO, + NH 3 + 2H,0. 
Methyliminodiacetic acid gives ammonia, methylamine, and carbon 
dioxide in good agreement, with the equation 
CO,H-CH„-NMe-CH„-CO,H + RO + 12 farads -- 

NH 2 Me + 4C0 2 + 2H.,0. 

and with a-aminoisobutyric acid the electrolysis corresponds with 
the equation NH 2 'CMe.,-C0. 2 H + 0 + 2 farads = NH s +COMe, + C0.,. 

a-p-ToluenesuIphonylaminohobutyric acid, C ]1 1T ] . I 0,N8, pre- 
pared by the interaction of a-aminoisobutyric acid and p-toluene- 
sulphonyl chloride in alkaline solution, crystallises in long, white 
needles, m. p. 147°. a-Benzenesulphonylaminoisobtttyric new, 
C 10 H 13 O ( NS, similarly prepared, forms white needles, m. p. 144°. 
a- Benzenemlphonylmethylaminoisobvtyric aciil, C n H ls 0 4 NS, 
prepared by treating the previous compound with methyl iodide 
and sodium hydroxide solution, crystallises in needles, m. p. 171 - 
When aqueous solutions of the sodium salts of the first- and last 
of these three acids are electrolysed, both undergo profound oxida- 
tion, with liberation of sulphuric acid, which causes separation of 
the slightly soluble organic acid at the anode, and thus disturbs 
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the electrolysis. In the former case ammonia, and in the latter 
methylaroine, is formed from the beginning in amounts correspond- 
• w ith those of the carbon dioxide and sulphuric acid produced, 
so that here, too, the attack commences at the nitrogen atom. 

With /3-alanine, ammonia, carbon dioxide, acetic acid, and form- 
aldehyde are produced, the ratio between carbon dioxide and 
ammonia indicating complete destruction of the carbon chain. 
Benzoyl -/3-alanine, as sodium salt, is only slowly attacked on electro- 
lysis, the darkening which occurs indicating removal and hydroxyl - 
ation of the benzoyl group; ammonia appears immediately. 

Electrochemical oxidation of the amino-acids may be compared 
with the oxidative desaraination which these compounds undergo 
in the living organism, but is far more vigorous and profound. 
The results obtained show with certainty that Kolbe’s synthesis 
cannot be effected with aliphatic amino-acids (compare A., 1918, 
i, 369). T.H.P. 


The Methylation of Dipeptides. A. Kosskl and S. 
Edlbacher ( Zeiltch . physio!, Chr.m., 1919, 107, 45—51). Glycyl- 
glycine hydrochloride was treated with methyl sulphate in the 
presence of sodium hydroxide. After two hours, the mixture was 
acidified with hydrochloric acid, evaporated to dryness under 
diminished pressure, and the residue then extracted with methyl 
alcohol in order to separate the sodium methyl sulphate; a colour- 
less syrup was eventually obtained. The methylated product was 
precipitated as the picrate, from which it was afterwards liberated 
and crystallised from alcohol, m. p. 141°. The aurichloride, 
C,H,,O a N.,HAuCl„ melted at 155°. The urgentonitrate, 
C.H„0 3 N,,AgN0 3> 

has m. p. 180°. The free base, on hydrolysis with sulphuric acid, 
yielded, amongst other products, glycine and betaine. The methyl- 
ation of (W-alanylglycine was carried out in the same way as that, 
of glycylglycine. The aurichloride, C. H H AuC^ . obtained 
has m. p. 105°. On hydrolysis with sulphuric acid, glycine and 
irt-trinicthyl-a-propiobetaine, m. p. 240°, were obtained. In both 
instances, three methyl groups were Ihereforo introduced into the 
dipeptide. 


d-Glutamic Acid. It. Hucounksp and O, htoanxen {Bull. 
Soc. Aim., 1920, [iv], 27, 750 -754).— d-Glulamic acid may best 
be isolated from its hydrochloride by evaporating the hydrochloride 
on a water-bath with an alcoholic solution of aniline, and extract- 
ing the residue with hot water. The glutamic acid separates on 
cooling. Calcium glutamate gives with calcitim chloride a double 
salt, C 10 H ]8 O # N.,Ca,CaCL>,2H.,O, [al D -2'25°. If a solution of 
the hydrochloride is saturated with freshly precipitated cupric 
hydroxide, a cupper derivative, (C 5 H 0 O 4 N) 3 ,4CuO,74 2 0, is 
obtained as small, blue crystals. Barium, zinc, and cadmium salts 
of glutamic acid, and mercury, cobalt, and nickel derivatives, ave 
been prepared, "• 
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The Direct Synthesis of Carbamide by Urease. H. p 

Barendrecht ( Rtc . trav . chim., 1920, 39 , 603 — 605). — A reply to 
Mattaar (this vol., i, 537). W. G. 

The Constitution of Carbamides. XIII. The Constitution 
of Cyanic Acid, and the Formation of Urea from the Inter 
action of Ammonia and Cyanic Acid at Low Temperatures, 

Emil Alphonse Werner and William Robert Fearon (T., 1909 
117, 1356—1362). 

The Interaction of Carbon Disulphide and Ammonium 
Carbonate. Francois A. Gilfillan (,/. Amer. Ohm. Soc., 19'JO 
42 , 2072—2079). — Carbon disulphide and ammonium carbonate 
interact at 160°, giving a mixture of ammonium thiocyanate and 
thiocarbamide. The equilibrium depends on the concentration of 
the reagents used, the temperature and duration of heating, and 
the concentration of the hydrogen sulphide produced in the reac- 
tion. The yield of thiocarbamide is much below the theoretical 
value, and the method is not recommended. The reversion to 
ammonium thiocyanate is favoured by the presence of hydrogen 
sulphide. 

The estimation of ammonium thiocyanate cannot be carried out 
accurately by the indirect titration method in a mixture contain- 
ing more than 15% of thiocarbamide. Direct titration with silver 
nitrate, however, gives satisfactory results with mixtures contain- 
ing as much as 40% of thiocarbamide. The interference is appar- 
ently due to the solubility of silver thiocyanate in thiocarbamide 
solutions. 

In solutions containing not more than 5 mg. of thiocarbamide 
per 100 c.c., this substance may be estimated by titration with 
iodine. W. G. 

Some Thiocyanates of Silver with Ammonium andSodium. 

Radu Cernatescu (Bull. Acad. Set. Roumaine, 1920, 6, 53—56). 
— The author has prepared two double thiocyanates of silver and 
sodium, NaCNS.AgCNS and 3NaCNS,AgCNS, and of silver and 
ammonium, NH,CNS,AgCNS and 5NH,CNS,AgCNS. From the 
last salt, the silver is not precipitated by the addition of barium 
chloride. W. G. 

New Synthesis of Hydrogen Cyanide by Catalysis. 
Alph. Mailhe and l 7 . de Godon (Bull. Sue. chim., 1920, [iv], 27. 
737 — 739). — When carbon monoxide and ammonia are passed 
together over thorium oxide at 410 — 450°, an excellent yield ot 
ammonium cyanide is obtained. The thorium oxide may he 
replaced by aluminium oxide or zirconium oxides, but a higher 
temperature is then necessary. W. G. 

A Sparingly Soluble Double Salt of Calcium Ferro- 
cyanide and Calcium Ferrite. G. Grubf. [with L. 
Baumeister and E. Lamle] ( Xeitsch . anorg . Chem., 1920, lie- 
245 — 261). — When Prussian-blue is decomposed with excess ot 
calcium hydroxide into soluble calcium ferrocyanide and feino 
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hydroxide, a side reaction occurs, the calcium ferrocyanide com- 
bining with the ferric hydroxide and excess of calcium hydroxide 
to form a sparingly soluble, white precipitate. As this is only 
stable in presence of excess of calcium hydroxide, and is decom- 
posed by water, with formation of ferric hydroxide, it could not 
be isolated for analysis. By estimating the quantity of calcium 
ferrocyanide precipitated from solution by known quantities of 
ferric and calcium hydroxides, it was established that the con- 
stituents are present in the double salt in the proportion 
Ca 0 Fe(CN) 6 : 2Ca(OH), : 4Fe(OH) 3 , and that the compound prob- 
ably consists of a double salt of calcium ferrocyanide and calcium 
ferrite, 2CaFe 3 0 4 ,Ca 2 Fe(CN) c . The composition was confirmed by 
determinations of the change of hydroxyl-ion concentration in a 
calcium hydroxide solution caused by adding ferric hydroxide and 
calcium ferrocyanide. There is no evidence of the formation of 
calcium ferrite when ferric hydroxide is added to a saturated solu- 
tion of calcium hydroxide. When calcium ferrocyanide is added 
to the mixture, the hydroxyl-ion concentration falls, and there is 
a break in the curve at the point corresponding with the composi- 
tion Ca 2 Fe(CN) 6 : 2Ca(OH)., : 4Fe(OH) 3 . E. H. R. 

Cyanoacetylene, C 3 HN. Charles Moureu and Jacques Ch. 
Bongrand (Ann. Chim ., 1920, [ix|. 14, 47 — 58). — A more detailed 
account of work already published (A., 1911, i, 22). W. G. 

Dicyanodimethyl Sulphide. Wilhelm Steinkopf (Ber., 
1920, 53, [fl], 1671). — The substance, described by Steinkopf, 
Ilerold, and Stohr in their recent communication (this vol., i, 523), 
has been prepared previously and in a similar manner by von 
Zweigbergk (A., 1913, i, 24). H. W. 

Carbon Subnitride, C 4 N,. Charles Moureu and Jacques 
Ch. Bongrand (Ann. Chim., 1920, [ix], 14, 5—47). — A more 
detailed account of work already published (compare A., 1910, 
i, 159; 1914, i, 671 ; this vol., i, 425). W. G. 

The Freezing Point of Wet Benzene, and the Influence 
of Drying Agents. Nevil Vincent Sidgwick (T., 1920, 117, 
1340-1343). 

The System Benzene-Ethyl Alcohol-Water between 
+ 25° and -5°. Nevil Vincf.nt Hibgwick and William James 
Spurrell (T., 1920, 117, 1397—1404). 

The Catalytic Action of Iodine in Sulphonation. I. 

Jnanendiia Nath Ray and Manik Lal Dey (T., 1920, 117, 
1405—1407). 

Use of Catalysts in the Sulphonation of Aromatic 
Compounds. Joseph A. Ambler and William J. Cotton ( J . Ind. 
Eng. Chem., 1920, 12, 968— 969).— The sulphonation of benzene 
in 70% sulphuric acid .at 242— 259° is accelerated by the addition 
of various catalysts in a concentration of 0'1% of the active element. 
The presence of compounds of the following elements slightly 
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increased the proportion of benzene sulphonated : copper, 
mercury, vanadium, chromium, potassium, and lithium, whilst a 
mixture of sodium sulphate and vanadium pentoxide had a p ro . 
nounced effect. The catalytic action of sodium and potassium 
sulphates is not entirely due to their raising the boiling point oi 
the sulphuric acid. The results indicated that members of the 
first group of the periodic system, represented by sodium and 
lithium, accelerated the formation of disulphonic acid, whilst the 
mixture of vanadium pentoxide and sodium sulphate was still 
more effective, but the other catalysts tried apparently inhibited 
the formation of that acid. C. A. M. 


Preparation of certain Esters of Benzenesulphonic Acid, 

Zoltan Foldi (Her., 1920, 53, [li\, 1836 — 1839). — The substances 
are conveniently prepared by the gradual addition of aqueous 
sodium hydroxide solution (20 — 30%) to a cold, well-stirred mix- 
ture of benzetiesulphonyl chloride and the requisite alcohol until 
the mixture is permanently alkaline; the product is subsequentiv 
mechanically shaken for some hours, and the ester is ultimately 
distilled under diminished pressure. It is somewhat surprising 
to note that the method can be readily applied even with the 
halogenhydrins. 

Allyl benzenesulphonate forms a colourless oil, D 1166, which 
decomposes ultimately, with explosive violence, when distilled 
under diminished pressure. fl-CMoroethyl benzenesulphonate, 
SO.,Ph-(>CHvCH 2 Cl, has b. p. 184°/9 mm., D) 6 1353, whilst the 
corresponding firomo-ester has b. p. 192°/ 20 mm., 185—187° 
16 mm., Di 1 1-575. (Sfi'-Dichloroisopropyl benzenesulpkomtt, 
S0. ; Ph-0-CII(CII»Cl),, long, colourless needles, m. p. 50°, b, p, 
200" — 205°/20 mm., is very resistant towards hydrolysing agents. 

In the case of /3-chloroethyl benzenesulphonate, the benzene 
sulphonyl group is removed about four times as readily by alcoholic 
sodium hydroxide solution as is the chlorine atom, whilst in 
/Sd'-dichloroi'sopropyl benzenesulphonate the chlorine atom is less 
firmly retained than the benzenesulphonyl radicle. H. IV. 


s-Bromobenzenedisulphonic Acid. S. C. J. Olivier and 
K. J. B. de Kleermaekek, jun. ( llec . trav. chim., 1920, 39, 
640 — 645. Compare Herzig, A., 1882, 46). — When bromobenzene 
is boiled with concentrated sulphuric acid under a reflux condenser 
for eight hours, 5-Lromobenzene-l : 3-disulphonic acid is obtained, 
which gives a disnlphonyl chloride, m. p. 99 — 100°, a diamhh, 
m. p. 255 — 256°, and barium , potassium, and lead salts. The 
disulphonyl chloride, when heated with phosphorus pentachloride. 
yields s-trichlorobeuzene. hV G- 


Possible Influence of Electronegative Groups on the 
Mobility of the Methylene' Hydrogen Atoms in Aryl 
sulphonated Methylene Derivatives. J. Troger and E. Notn 
(J. pr. Ghem., 1920, [ii], 101, 136—157. Compare Troger and 
Vasteling, A., 1905, i, 870; Troger and Beck, A.. 1913, i, 
Troger and Wunderlich, A., 1910, i, 792).— It is found that the 
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otVivlene hydrogen atoms are not mobile in sulphones of the 
General formula X-C 6 H 4 -SO.,-CH 2 Ph or X-C 6 H 4 -S0 2 -CH 2 -C 6 H 4 X 
?• which X is a nitro- or hydroxyl group or a halogen atom). 

. narently |[ le substituents are too far removed to exert an effect 

"the methylene group; when, however, they are brought nearer, 
as in compounds of the type R-SO,-CH,-NO, and R-S0 2 'CH,-CN, 
the resulting substances are soluble in alkali and readily undergo 

condensation. 

Henzenesidphonyl-m-nitropheni/lmethaiie, SO.,Ph'CII 2 'C 6 H 4 -NO,, 
is prepared by the action of m-nitrobenzyl chloride on sodium 
bcnzenesulphinate in boiling alcoholic solution; it forms colour- 
less shining needles, m. p. 163°, whilst the corresponding o- and 
wl'ericatires consist of colourless needles, m. p. 113°, and crystal- 
line crusts, m. p. 207°, respectively. The isomeridcs are insoluble 
in aqueous sodium hydroxide solution (15%) ; attempts to methylate 
the oW/io-compound by methyl iodide and sodium ethoxide at 
100° or to bring it into action with benzenediazonium chloride, 
were’ unsuccessful, Reduction with tin and fuming hydrochloric 
acid transforms the liitro-compounds info the corresponding amino- 
deriratires, of which the o-isomeride forms discoloured needles, 
m p 174° (hydrochloride, irregular leaflets), the m-base crystal- 
lises in coarse, pale brown needles, m. p. 139° ( hydrochloride , 
colourless needles grouped to aggregates), and the p-isomende 
(previously described by Hinsberg and Himmelschein as ammo- 
tolylphenylsulphone) has m. p. 176°; attempts to methylate the 
latter by methyl iodide and sodium ethoxide at 100° were com- 
pletely unsuccessful, and did not even affect the free amino-group. 
Benzenesulphonyl-m-aininophenylmethane is converted in the usua.1 
manner into benzenesnlphonyl-m-hydroryphenylmelhane, small, 

discoloured needles, m. p. 125% which is converted by an excess 
of methyl iodide and sodium ethoxide at 100° into benzene- 
eul phony! -m-rne Ih o.ryphe ii yimeth line, yellowish-white leaflets, in. p. 


Attempts are described to prepare bemenesidphonylmlro- 
melhone, SO,Ph-CH.,-N0 2 , by the action of chinronitrometbane 
on sodium benzenesulphinate in the presence of a little alcohol, 
hut grave difficulties are caused by the acidic nature of the latter, 
and the yields are very poor; the products are partly soluble and 
partly insoluble in sodium hydroxide solution, and, from the 
former, two substance x, colourless crystals, m. p. 151° and m. p. 
69—72°, respectively, have been isolated, which give ana ytical 
results in agreement' with those required by benzenesulphonylmtro- 
methane. The substance of lower m. p. reacts with benzene- 
diazonium chloride to yield a reddish-yellow, crystalline prouuc , 
which is either a hydrazone or an azo-compound, and the form- 
ation of which demonstrates the mobility of the hydrogen atoms 
of the parent substance. Somewhat better results are on am e 
when the reaction is applied to sodium p-bromobenzenesulpmna e, 
in this instance, ip-bromobejizenesulphonylnitromethane is iso a e 
in colourless, shining needles, m. p. 161°, although the yiel s are 
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poor. The substance dissolves in aqueous sodium hydroxide solu- 
tion, and with benzenediazonium chloride gives a product, golden, 
yellow needles, m. p. 164°, which is probably to be regarded as 
the hydrazone, C 6 H4Br , S0. 2 *C(!N*NHPh)*N0 2 , since it dissolves in 
cold sodium hydroxide solution to form a sodium salt, thin, yellow 
needles. 

The following substances were prepared from their components 
with the object of investigating the conjoint influence of a halogen 
atom in the phenylsulphonyl group and a nitro-group in the phenv] 
radicle attached to the methylene group: p -chlorobenzene, 
sulphonyl - p - nitrophenylme thane, C^H^l'SO^CHg'CQH^KO, 

colourless needles, m. p. 162°; p-cMorobenzenesulphonyl-m-nitTo- 

phenyl methane, shining leaflets, m. p. 179°; p -chlorobenzene 
sulphonyl-o-nitrophenylmethane, yellowish-white, irregular crystals, 
m. p. 137°; p -bromobenzeaiesulphonylro-nitrophenylmethanx 
plates, in. p. 137°; Tp-bromobenzenesulphonyl-m-mtrophent/l 
methane , colourless, crystalline powder, m. p. 182°; p- 
benzenesulphonyl-p-nitrophenylmethane, microcrystalline powder, 
in. p. 195°; p-iodobenzenesulphonyl-o-nitrophenylmethane , small, 
colourless leaflets, m. p. 129°; p-iodobenzenesulphonyl-m-nitro- 
phenylmethane , colourless, shining needles, m. p. 218°; p-iodo- 
benzenesulphonyl-p-nitrophenylmethane , brownish-yellow needles, 
m. p. 223’5°. Certain of these have been reduced by tin and 
fuming hydrochloric acid in glacial acetic acid solution, yielding 
thereby : p-bromobenzenesulphonyl-p-ammophenylme thane, pale 

yellow needles, m. p. 187° {hydrochloride, silvery crystals): 
p-bromobenzenexulphonyl-m-aminophenylmethane, leaflets, m, p, 
146° {hydrochloride, silvery crystals); p-bromobenzenesulphoivjh- 
aminophenyhnethane, leaflets {hydrochloride, coarse, prismatic, 
yellow needles). p - Bromobenzenesulphonyl - p - hydroxy phenyl- 

methane, yellowish- white, uncharacteristic crystals, m. p. 194 a 3 , 
is obtained by the diazotisation of the corresponding amine at 
60 — 70° under pressure, and subsequent heating of the diazoniiiE 
solution ; its solubility in sodium hydroxide solution appears to be 
due solely to the presence of the phenolic hydroxyl group. 

-p-Toluenesulphonyl-m-nitrophenylmethane forms colourless octa- 
hedra, m. p. 162°, whilst the corresponding o- and p-nitrophenyl 
derivatives crystallise in yellowish-white needles, m. p. 132°, and 
small, colourless, shining needles, m. p. 182°, respectively. 

The effect of th^ presence of a nitro-group in the arylsulpbonyl 
radicle has been investigated at the instance of the following com- 
pounds: y?-nitrophenylbenzylsulphone, m. p. 169°, obtained by the 
oxidation of p-nitrophenyl benzyl sulphide by permanganate, 
which, contrary to the observations of Fromm and Wittmann (A., 
1908, i, 631), is not methylated by treatment with methyl iodide 
and sodium ethoxide at 100°; TQ-nitrobenzenesulphonylphxnV 
methane, yellowish -white, silky needles, m. p. 160° (m-awuio 
benzenepilphonylphenylme'thane, colourless, pointed needles, m. 

119'5°) ; m-nitrobenzenesulphonyl-p-nitrophenylniethane , brown 
platelets, m. p. 192°; m-nitrobenzenesulphonyl-o-nitroph eng 
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methane, brown crystals, m. p. 184°; m-nitrobcmenesvlphoni/l-m- 
iiilropkenylmethane , yellowish-white needles, in. p. 171°. 

m -Xitrobemenesulphonylacetonitrile, NO,-C c ,H 4 -S(VCII 2 -CN, i9 
obtained with unexpected difficulty and in poor yield |iy the action 
of chloroacetonitrile on sodium m-nitrobeuzeuesulphinate at 130°; 
the mobility of its methylene hydrogen atoms is proved by its 
solubility in aqueous alkali, its power to condense with aldehydes 
to form substances, such as m-nitrobeinenesulphonylanisylidene- 
ucetonitrile., N0 2 'C c H 4 -S0 2 - C[lCH'C c H 4 (0Me)]'CN, pale yellow, 
silky needles, m. p. 160°, and its ability to react with benzene- 
diazonium chloride to give ro-mtrobenzenemlphonylbenzeneazo- 
aeetonitrUe (or the phenylhydrazone of m-nitrobcnzcnesulphonyl- 
formyl cyanide), reddish-yellow needles, m. p. 175°, which form 
salts with bases. H. W. 

Modification and Extension of the Friedel and Crafts' 
Beaction. I. Jhanendra Natii Ray (T., 1920, 117, 1335 — 1339), 

Organic Molecular Compounds. II. James F. Norris and 

Dorothy M. Tibbetts (./. .1 wer. ('hem. Soe., 1920, 42, 
2085—2092). — It has been shown that tetraphenyldichloroethane 
forms well-characterised molecular compounds with chloroform and 
carbon tetrachloride (A., 1911. i, 31), and later that other organic 
compounds of certain types, such as telra-p-broinophenylethylene, 
possesses to a high degree the power to form molecular compounds 
(A., 1916, i, 380). The authors propound the following hypothesis 
in explanation. The molecular compound is formed as a result of 
the coining into play of latent affinities residing on an atom in each 
of the constituents of the compound. All atoms possess these 
latent affinities, but whether or not they are of such a nature as 
to permit the union of a molecule with a second molecule is deter- 
mined by the extent to which the chemical energy of the atom in 
question- has been expended in the formation of the molecule con- 
taining it. In the case of unsaturated compounds containing a 
double linking, the molecular compounds are most often formed 
by direct addition, but sometimes their formation is due only to 

the latent chemical affinity of the double bond. 

In addition t.o the molecular compounds previously described, it 
is now shown that tetra-p-broniophenylethylene fenms well-crystal- 
lised molecular compounds with toluene, p-xylene, chlorobenzene, 
ethyl ether, ethyl and propyl acetates, and ethyl propionate, but 
not with chloroform, ethyl or amyl alcohol, bromo- or iodo-benzene, 
w-xylene, light petroleum, methyl acetate, or ethyl formate. This 
method may therefore be employed in separating ethyl alcohol 
from acetone and p-xylene from m-xylene. If the bromine is 
replaced by chlorine, the ability to fonn molecular compounds is 
much reduced. Tetra-p-chlorophenylethylene only formed additive 
products with benzene, carbon tetrachloride, and methyl ethyl 
ketone. 

Triphenyl-p-chlorophenvlethylen© only formed a molecular com- 
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pound with carbon tetrachloride, and tetraphenylethylene did 0ot 
give any molecular compounds. It should be noted that wherej 
triphenylchloromethane forms molecular compounds, the mnl 
sponding bronio-derivative does not. 

Triphenylchloromethane and triphenylcarbinol both give ij] 0 ] f 
cular compounds, but the corresponding diphenyl compounds do 
not. On the other hand, p-phenyldiphenylcarbinol, 
CjHjPh-CHPh-OH, 

and p-plienyldiphenylehloromethane, CjHjPh-CHPhCl, both yield 
molecular compounds with carbon tetrachloride. p-Bromodi. 
phenylcarbinol and di-p-chlorophenylcarbinol did not give mole- 
cular compounds. W. G. 

Relationship of Retene to the Resin Acids, Hydrogenated 
Retenes. Artturi J. Virtanex ( Ber ., 1920, 53, [B], 1880—1888), 
— A considerable number of hydrogenated retenes have been pre- 
pared with the ultimate object, of elucidating their relationship ta 
the resin acids, the literature of which is exhaustively reviewed. 
With the exception of tetrahydroret.ene, the substances are stable 
towards permanganate, which is rather surprising, in view of tie 
fact that some of them, at any rate, are unsaturated. Attempts 
to prepare picrates of the hydrocarbons were unsuccessful in every 
case. 

Dihydrontrne , C, s H ai , colourless, shining leaflets, m. p. 64 — Cu c . 
b. p. 188 — 1 90°/ 10 mm., is obtained by the action of sodium oni 
boiling solution of retene in amyl alcohol ; it is oxidised by chromic 
acid in glacial acetic acid solution to retenequinone. Tetrahydro 
retene, prepared in a similar manner, but. with a larger propor- 
tion of sodium, is a yellow oil with a peculiar, very unpleasant 
odour, b. p. 180— 183°/10 mm., Df 1 0057, < 1-56061. The more 
highly hydrogenated retenes are obtained from the parent hydro 
carbon, fuming hydriodic acid (D 1‘96), and red phosphorus 
under varied conditions of temperature and relative proportion! 
of reagents; hexakydroretenr., colourless oil, b. p. 175 — 1* 

10 mm., Df 0 9802, vg 1-54705; nr.tahydroreUne, colourless oil. 
b. p. 163— 165°/ 10 mm., Df 0-9578, rig 1-53023; decahydroretene 
colourless oil, b. p. 155— 158°/ 10 mm., Df 0 9342, 151501; and 

dodecahydroretene, colourless oil, b. p. 118— 150°/ 10 mm.. 
Df 0'8985, vg 1-48510, are described. Tctra-, hexa-, octa-, ami 
deca-hydroretenes appear jo be nitrated by warm concentrated 
nitric acid, towards which the dodeca-compound is stable. 

H. W. 

Geometrical Isomerism of Polymethylenes. A. Skit' 
(Ber., 1920, 53, [B], 1792— 1806).— In general, chemical methods 
for the preparation of the various stereoisomeric derivatives o 
cyclohexane are at present unknown, and it is not possible o 
obtain any selected stereoisomeride at will from a definite in' 1 * 
material. Since the recent investigations of von Auwers (A., 1= j 
i, 578) have afforded trustworthy physical methods of placid. 
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[jsomerides in the cis- or frans-series, it appeared desirable to apply 
a number of different methods to the reduction of the same un- 
saturated substance with the object of classifying the processes in 
accordance with their tendency to produce as- or t ranis- isomerides. 
For this purpose, 2 A : 5-trimethylaniline has been selected. It is 
reduced by hydrogen in the presence of colloidal platinum in 
strongly acid solution to 2 :4 :5-trimethylcyc/ohexylainine; on the 
other hand, it is converted by nitrous acid into 2: 4: 5 -trimethyl- 
phenol, which is similarly reduced to 2 : 4 : 5-trimethyleycfohexanol 
(the corresponding hydrocarbon and ketone are also described), 
which differs from the similar series obtained by Auwers (this vol., 
i, 721) from 2:4:54rimethylphenol by Sabatier's process in that 
the individual members have relatively greater density and index 
of refractioh and smaller molecular refraction, and are therefore 
characterised as cb> -compounds, whilst those described by von 
Auwers belong to the ^ana-series. The oxime of the author’s 
cis-\ :2: 4-trimethyl cycJohexaue-5 -one is reduced in acid solution to 
the amine, obtained from ^-cumidine (which is thus also a cis- 
compound), but with sodium and alcohol it gives an isomeric base, 
which is regarded as <ra?ia-5-amino-ciVl :2 :4-lrimethylcyc/ohexane. 
Similarly, 1 :2 :4-trimethylcyc/ohexane-5-one yields /ra?/s-5-hydr- 
oxy-cfVl :2:44rimethyk*ycfohexane iu acid solution, and fru/is-5- 
hydroxy-cis-1 :2 *. 4-trimethylcyc/ohexane in alkaline solution; the 
former is identical with the product obtained by the catalytic 
hydrogenation of i/r-cumenol in acetic acid solution in the presence 
of colloidal platinum, but the latter differs from the product pre- 
pared by Sabatier’s process, which is to be regarded as 5-hydroxy- 
trunsA : 2 : 4-trimcthylcycfohexane. 

It therefore appears justifiable to conclude that reduction of 
double bonds in acid solution favours the production of cts-forms, 
whilst trans-\ arieties are preferentially obtained iu alkaline or 
neutral media; this generalisation, however, has only been tested 
up to the present for hydrocarbons, alcohols, and amines. 

[With Wilhelm Hennenbruch.] — The following substances are 
described: 1 : 2 A-trimethylcydohexane, b. p. 33°/ll mm., 
144*8 — 145*8° (corr.)/760 mm., Df 0’790, T434; cis-o-hi/dro.vy- 

ci$-l:2A-trimethylcyc\ohexane, b. p. 84°/17 mm., 191—193° 
(corr.)/760 nun,, Df 0 912, 1*463 (phe.nylunthane, m. p. 

83*5°); cis-1 :2 A-trimethylcyc\ohcxane-b-one, b. p. 193° (corr.), 
Df 0*905, 1*450 ( sernicarbazone , needles, in. p. 204°; oxime . , 

m, p. 105°); trans-54iye?ro.rycis-l : 2 \i-trimethylcye\okexane, b. p. 
112°/ 35 mm., 196° (corr.)/760 mm., Df 0 906, 1*461 ( phenyl- 

urethane , m. p, 95° ; hydroyen ■ phthalate, m. p. 81 — 83*5°). cisr5- 
A mmo-cis-1 : 2 : i-trimethylcyclohexatie, from 1:2: 4-trimethyl-5- 
cyc/ohexylamine, or c/s-1 :2:44rimethylcyc?ohexane-5-one oxime in 
acid solution by sodium amalgam or hydrogen and colloidal 
platinum, b. p. 74°/ 17 mm., 188 — 190° (corr.)/ 760 mm., D? 0*864, 
1 462 (picrate, m. p. 212° after softening at 208°; hydro- 
chloride, m. p. 227 — 228°; d-a-bromocaniphor-n-sidphonate , colour- 
less needles, m. p. 171*5°; acetyl derivative, needles, m. p. 100°; 
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benzoyl derivative, m. p. 107 *5 — 108°; pkenylcorbamuk , 0 ij. 
phenylthiocarbamide, needles, m. p. 164°); trans-h-amin^ 
1 : 2 : i-trimethylcyclohexane, in. p. 21°, b. p. 187 — 188°/760 mni 
Df 0*857, nf 1*458’ {hydrochloride, decomp. 260°; d-a-hrmty 
camphor-ir-sulphonate , decomp. 205 — 210°; benzoyl derivative 
needles, m. p. 174-5°; phenyl carbamide, needles, m. p. lggo! 
phenylthiocarbamide, m. p. 155°); trans-S-hydroxy-ch-l ; 2 : 
methylcyddhexane, formed, together with small amounts of 1 : 2 : 5 - 
trimethylcyclohexene, b. p. 149° (corr.), by the action of sodium 
nitrite on the corresponding amine hydrochloride, b. p. 19 gi 
(corr.)/760 mm., Df 0-906, 1*461 (phenylur ethane, m. p. 950 . 

hydrogen phthalate, m. p. 81 — 83°); cis-5-ttmmo-cis-tjans-l ;2:4- 
trimethylcyclohexane, obtained as by-product of the catalytic 
hydrogenation of 2 : 4 : 5-trimethylaniline, b. p. 181 — >182° (pierate, 
m. p. 153°; phenylthiocarbamide, m. p. 110°). H. W. 

Some Physical Constants of Pure Aniline. C. L. Knowles 
(J. Ind. Eng. Chem., 1920, 12, 881- 883). — Aniline solidifies at 
-6*24°, and has b. p. 184-3*2— 184-39°/ 760 mm., Dlf 1*0*268. 
11 $ 1*5850. The solidifying point appears to be the best criterion 
of the purity of aniline, and this constant may be used as a basis for 
the estimation of actual aniline in a sample. The impurities most 
frequently found in commercial aniline are nitrobenzene, toluidine. 
and water; assuming the average molecular weight of these impuri- 
ties to be 82*67, the percentage {X) of aniline is found by the 
formula X = 108*79 + 1*41$, where t is the observed solidifying 
point. W. P. S. 

Crystalline Form of 2 : 4 Dibromo.-3 nitroacetanilide, 

Marta De Angelts (Atti R. Accad. Lined, 1920, [v], 29, ii, 
47 — 53. Compare this vol., i, 608). — This compound is noi 
isomorphous with the corresponding dich loro-compound, but forms 
crystals, D 2*131, belonging to the pinacoidal class of the triclinic 
system, a : b : c - 1*2526 : 1 : 1*0013, a - 96°54', jS = 104°39' 
■y = 108°35 / . Mixtures of the dichloro- and the dibromo-compounds 
form monoclinic crystals completely isomorphous with* those of the 
(3 -modification of the dichloro-derivative. T. H. P. 

Some Condensation Products of Aromatic Aldehydes 
and Amines. F. M. Jaeger ( Proc . K. Akad. Wetensch. Amsterdam , 
1920, 23, 74 — 83). — With a view of studying the polymorphism oi* 
isomerism of Schiff’s bases, the author has prepared the following 
compounds and studied their crystallographic and optical 
properties. 

0 -Hydroxy-m-methylbcnzylideneaniline (compare Anselmino, A., 
1906, i, 13; 1907, i, 913) is obtained in red, monoclinic, prismatic 
crystals, a: 6 : c = 0 2362 :1 :0-6579, j8 = 74°9i 7 , Df 1*263, m. p. 
and in yellow (metastable), rhombic-bipyramidal crystals, a:b:c- 
0-3732i 1:0*4228, Df 1*243, m. p. 70°. By the action of methyl 

sulphate, it yields o-methoxy-m-methylbenzylideneaniline , m. p- 
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TyO 0 , pale yellow, monoclinie-prismatic crystals, a : b : c= 
1-2792 ; 1 : 1'0509, 3 = 76°59J', Dj* 1166. When acted on with 
magnesium methyl iodide, it gives o-hydrory-m-methyl-a-anitino- 
ethylbcnzene, OH-C 6 H 3 Me-CHMe‘NHPh, m. p. 90°, monoclinic- 
prismatic crystals, a : b : c=0'2682 : 1 : 0-7254, /3=85°47', Df 1107. 
0 .jlelhoxt/-m-methyl-a-anilinoelhylbenzene, m. p. 78°, gives 
rhombic-bipyramidal crystals, a:l =0-3301:1, DJ ! 1-098. o-Hydr- 
oxybensylideneaniline, m. p. 50-5° (compare Duparc, Annalen, 
1891, 266, 140), occurs in two forms, rz-form, rhombic-bipyramidal 
crystals, a: b :c = 0"4729: 1 : 0*2 188, D] 0 1-087; j3-form, monoclinic- 
prismatic crystals, o:i = 2-4641 :1, j3=26°2§', Dj 1 1184. On 
methylation, it gives a-anilinoethylanmU, m. p. 46°, rhombic- 
bipyramidal 'crystals, a: 6:c = 0'884:l :0465, D“ 1141. y-Meth- 
oxybemylideneaniline, m. p. 63°, occurs in monoclinic-prismatic 
crystals, a ; & : c = 1-5745 : 1 : 0*8063, /3=65°21 , ( Df 1-165. W. G. 

Action ol Aluminium Chloride on Solutions oi Aromatic 
Nitrohydrocarbons in Aromatic Hydrocarbons. A. Klirol 

and IIans Huber (Tier., 1920, 53, [71], 1646 1655). — It has been 
shown by Freund that p-aminodipheny), in addition to much 
resinous matter, is formed when aluminium chloride acts on a 
boiling solution of nitrobenzene in benzene. In the hope of obtain- 
ing further insight into the action, the authors have repeated 
Freund’s experiments, with the substitution of toluene for benzene, 
and have thus obtained p-aminophenyl-p-tolyl, which differs, how- 
ever, from the similarly named substance prepared independently 
by Bamberger (A., 1895, i, 289) and Kiibling (A., 1895, i, 182); 
jthe latter compound is shown to be p-aminophenyl-o-tolyl. The 
[mechanism of the reaction is not yet fully elucidated, but progress 
[has been made by the isolation of .V-phenyl-p-toluidine as a 
by-product; it therefore appears (hat. /1-phenyl hydroxy] amine is 
[intermediately formed, which in part condenses immediately, in 
part after transformation to p-aminophenol (or at tho instant of 
transformation), with the aromatic hydrocarbon, with elimination 
of water: NHPh-0H + C 6 H 5 Me = C 6 H 5 -NH-C 6 H 4 Me + H.,0 and 
NH 2 -C 6 H 4 -OH + C e H 5 Me = NH,-C 6 H 4 -C 6 H 4 Me + H 2 0, ' It is 

definitely proved that A-phenyl-p-toluidino and p-aminophenyl-p- 
tolyl are formed when a solution of S-plienylhydroxyl amine in 
toluene is treated with aluminium chloride, but, on the other hand, 
pre formed p-aminophenol is not condensed with aromatic hydro- 
carbons by aluminium chloride, with formation of /, -amino- 
diphenyls. It therefore appears that, at the instant at which the 
hydrogen atom and the hydroxyl group in /1-phenylhydroxylamine 
leave their positions in the primary stage of the transformation, the 
aromatic hydrocarbon attaches itself to the free valency of the 
residual molecule. 

Anhydrous aluminium chloride is gradually added to a boiling 
mixture of nitrobenzene and toluene; the product is poured into 
water, and unused materials are removed in a current of steam. 
The aqueous solution is filtered from resin and cooled, whereby 



i. 836 


ABSTRACTS or CHEMICAL PAPERS. 


n-aminophenyl-f-tolyl hydrochloride is deposited in silvery leaflets, 
which rapidly become discoloured; the free base forms colourle^ 
crystals, m. p. 99°, b. p. 190°/18 mm. ( acetyl derivative, colour- 
less crystals, m. p. 221°). The residues from the condensation, 
when treated with superheated steam, give a small amount of 
A'-phenyl-p-loluidine, slender, colourless needles, m. _p. 88—89°. 
p-Hydroryphenyl-y-toIyl, silvery leaflets, m. p. 154—155° (ben-ujl 
derivative, colourless, shining leaflets, m. p. 188°), is prepared by 
the diazotisation of the base described above, and treatment of the 
diazonium salt with water. The same phenol is obtained from 
diazotised p-toluidine and phenol by Hirsch’s method (D.R.-P, 
58001), whilst o-toluidine, under similar treatment, gives jj-hydr- 
oxyphenyl-u-tolyl, slender, colourless needles, m. p. 84— 85 : 

( benzoyl derivative, colourless needles, m. p. 89°), which is identical 
with the product obtained from Bamberger's base. The para- 
position of the methyl group in the authors’ base is thus definitely 
established, whilst the position of the amino-group (and hence of 
the hydroxy-group in the phenol) follows from the analogous pro- 
duction of p-aruinodi phenyl and from the identity of the base with 
that obtained by reduction of the product obtained by nitrating 
4-methyld iphenyl . The latter substance, colourless leaflets, in. p 
49_50°, is obtained by the action of nitrosoacet-p-toluidide on 
b6nz6ii6- 

i-A mino-3 : i'-dime th yld i phenyl, m. p. 42—43°, is obtained from 
o-nitrotolueno and toluene; the acetyl derivative crystallises in 
colourless needles, m. p. 206°. H. W. 

Manufacture of 4-Nitro-/3-naplithol. Gilbert Thokis 
Morgan and British Dyestuffs Corporation, Ltd. (Brit. Pat 
152437).— 2 : 4-Dinitro-a-naphthylamine, which may be obtained by 
the action of alcoholic ammonia at 220° on 2 : 4-dinitro-a-iiaphtliol 
or by the nitration and subsequent hydrolysis of aceto-a-naphtb- 
alide, is treated with nitrosyl sulphate or sodium nitrite in con- 
centrated sulphuric acid, and the solution added to water to 
precipitate 4-nitronaphthalene-l-diazo-2-oxide. On warming this 
diazo-oxide with ethyl alcohol, either alone or in presence of a 
metallic catalyst, such as zinc, copper, aluminium, or a zinc-copper 
couple, or of a reducing agent, such as hypophosphorous acid, it is 
converted into 4-nitro-(3-naphthol, which is purified by extraction 
with hot water, ft m which it crystallises in yellow needles, m. p ; 
120°. 4-Nitroj3-naphthol couples with the diazo-derivalives »> 
substances such as sulphanilie acid, p-nitroaniline, safranme, a« 
dianisidine, giving azo-compounds, which are of value as dyes 
cotton, wool, and silk. F - * 

Manufacture of Authranol. Arthur George Ferkix (But 
Pat. 151707).— Authranol is obtained by heating aiithraqiuno 
(GO parts) with dextrose (60 parts), and a 30% solution of so 
hydroxide (650 parts), in an autoclave provided with stirring g e • 
at 230° for five to ten hours. The product is then precijii 
from the reaction mixture by the addition of hydrochloric 
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or by leading in carbon dioxide. Instead of dextrose in this reac- 
tion, sucrose, molasses, maltose, lactose, and the like may be used 
with similar results. G. F. M. 

The Determination of the Configuration of Cyclic ct's- 
and /raKS-Diols and the Rearrangements of Atoms and 
Groups of Atoms during Chemical Reactions. J. Boeskken 
and Chb. van Loon (Proc. K. Akad. U’etcnsch. Amsterdam , 1920, 
23, 69 — 73). — The effect of stereoisomeric diols on the conductivity 
of boric acid, or their behaviour on condensation with an active 
carbhnide, or on condensation with acetone, may be used as a 
means of distinguishing between the cis- and frans- forms. As a 
rule, the cis-form augments the conductivity of boric acid, yields 
only one urethane, and readily yields a condensation product with 
acetone. In this way, the authors shew that m-hydrindeuediol 
has m. p. 108°, c/Vcycfopentanediol has m. p. 29—30°, and that, 
contrary to the statement of Brunei, the cur-form of cyc/ohexanediol 
is apparently the one having m. p. 99°. The method of prepar- 
ation of diols by the oxidation of eyefopentene or cyc?ohexene 
appears to yield in each case the cm- form. W. G. 

Derivatives of l Phenyldihydroresorcin. Alexander John 
Boyd, Percy Herbert Clifford, and Maurice Ernest Probert 
(T., 1920, 117, 1383—1390). 

The Main Constituent of Japanese Lac. VII. Urushiol 
Monomethyl Ether and the Mechanism of the Oxidation 
of Urushiol. Riko Ma.iima and Gitaro Takayama ( Ber 1920, 
53, [B], 1907 — 1916. Compare A., 1916, i, 38, and previous 

abstracts). — Orio of the two hydroxyl groups of urushiol is more 
readily methylated than the other, and the compound obtained by 
partial methylation is shown by a comparison of the properties of 
its tetrahydro-derivative with those of 2-hydroxy-7n-tolyl methyl 
ether (Majima and Okazaki, A., 1916, i, 808) to be 2-hydroxy-3- 
methoxyurnshiol (annexed formula). The tolyl 
OH derivative is shown to be oxidisable to a series 

,yi I n/\n tt of derivatives of diphenoquinone, and as pre- 

6 | j 15 27 cisely similar phenomena are observed during the 
oxidation of hydrourushiol, it appears valid to 
conclude that analogously constituted products 
are also formed in this case. 

Urushiol is heated with sodium ethoxide and methyl sulphate 
in ethyl-alcoholic solution, and the monomethyl ether is separated 
from unchanged material and the dimethyl ether by fractional dis- 
tillation under greatly reduced pressure j the slightly impure pro- 
duct is catalytically reduced by hydrogen in the presence of 
platinum to hydrourushiol monomethyl ether, 
OMe-C 6 H 3 (OH)-C 15 H 31 , 

colourless needles, m. p. 44*5 — 45°, which is also obtainable by 
the partial, hydrolysis of hydrourushiol dimethyl ether with 

vol. cxvm. i. i * 
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hydriodic acid (D 1*7). Hydrourushiol monomethyl ether acetate 
crystallises in colourless leaflets, m. p. 45 '5 — 46'5°. 

2-IIydroxy-m-tolyl methyl ether, dissolved in ice-cold aqueous 
alcohol, is oxidised by ferric chloride to 5 :b'-dimethoxy-Z‘A'- 
dime thy l-i : 4 f -diphenoquinone (annexed 
MeO OMe formula), dark violet needles, m. p 

/ \*q 202 -203°, which is reduced by zinc dus 
and acetic acid to 4 ‘A' -dihydroxy-b :5' 
iM e Me dim ethoxy- 3 : 3 1 -dimet hyldi-phtnyl, colour 

less crystals, m. p. 188‘5 — 189'5°, which arf 
reconverted into the quinone by ferric chloride. The quinol ii 
demethylated by hydrobromic acid (D 1-48) at 150°, thereby giving 
4:5:4': b'-tetrahydroxy-Z : Z'-dimethyldi phenyl, m. p. 230 — 231 : 
(decomp.) after darkening from 220° ( tetra-acetate , needles, m. p 
193*5 — 194*5°). 4 : 4' : 5 : b'-Tetramethoxy-Z : Z'-dimethyldiphenyi 
forms leaflets, m. p. 102 — 103°. 

2 : 3-Dihydroxytoluene is oxidised by ferric chloride in aqueous 
solution to the substance (annexed 

0 O formula), bluish-black precipitate; a 

1 A suitable method of purifying the com- 

Mcf jO\ ;Me pound could not be discovered, and 

^ J \ / v l its constitution is deduced in part 

V Jr \| from its analysis, in part from its 
A 1 reduction to a colourless material, 

< 7 \ r q which is converted by acetic 

Me. /OH HO J i'Me anhydride into 4:5:4' : 5 f -tetra- 

y acetoxy-3 : 3' - dimethyldiphenyl 
O O Under similar conditions, hydro- 

urushiol is transformed by ferric 
chloride into a substance, (C 42 H fl7 0 4 ). 2 T , e, bluish-black precipitate, 
whilst hydrourushiol monomethyl ether gives a reddish-brown, 
crystalline precipitate, C ]5 H 51 *C r ,H. 2 0(0Me)*.C 6 H 2 0(0Me)‘C B H :J1 , 
m. p. 120—122°, which is reduced by zinc dust and acetic acid to 
the colourless phenol, 

C 15 H 31 -C 6 H 2 (OMe)(OH)-C 6 H 2 (OH)(OMe)U I5 n 31 , 
m. p. 80 — 81'5°. 

An alcoholic solution of 2-hydroxy -m-tolyl methyl ether is 
oxidised by air in the presence of laccase to 5 : S'-dimethoxy-S^- 
dimethyl-4 : 4'-diphenoquinone ; an aqueous solution of 2 : 3-dihydr- 
oxytoluene is only slightly affected by air, but,, in the presence of 
laccase, a brown precipitate forms slowly which does not melt 
below 280°. H. W. 


Me^yOH 


Phenyl-o-tolyltellurium Compounds. Karl Lederer (Ber., 
1920, 53 , [5], 1674 — 1680. Compare this vol,, i, 482, and earlier 
abstracts). — The action of Grignard’s reagents on diaryltelluronium 
dihaloids leads to the formation of triaryl telluronium salts, which 
are reduced by an excess of the reagent to tellurides. The latter 
reaction can occur in three directions, giving (i) a simple telluride. 
TeR 2 R / 'Hal.+ R / 'MgHal.= TeR 2 +R / 2 +MgHal 2 (this type 
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change is frequently observed with magnesium methyl iodide)- 
fu) a mixed tellunde, TeR,R'-Hal. + R'-MgHal = R-TeR/t’ 
R.E' + MgHal,; or (hi) a mixture of the two possible prLuete 
The last type is now exemplified in the action of magnesium 
phenyl bromide on di-o-tolyltelluromum dibromide, or of o-tolvl 
magnesium bromide on diphenyltelluronium dibromide, which leads 
to the .ormation of a mixture of simple and mixed tellurides and 
thus forms a contrast with the action of magnesium phenyl bromide 
on di-p-tolyltelluromum dibromide, which leads solely to the mo- 
duction of phenyl y-tolyl telluride. The mixture of tellurides is 
converted into the corresponding dibromides, which are separated 
by fractional crystallisation, and the individual dibromides are 

rae b thyriodid e redUCed ^ ^ c0rr6s P 0ndin S teil "ndes by magnesium 
m mny l o-tolvl tdlurule, TePh-QH Me, is a pale orange-yellow 

01 ; fj ? un ; y lelc) s the following derivatives: 

dibromtde microscopic, six-sided platelets or monoclinic rods m p 
^(T 155 aft f f ft f in 8 ^ 150-151°; dichloride , four-sided rods 
and hexagonal platelets, m. p. 179- -180° after softening at 176°- 
dnodtde, red, monoclinic crystals, m. p. 172—173° after sinter- 
ing at about 169°; oxide, colourless prisms, which soften at 214° 
and have m p 216-217° to a turbid liquid, which becomes trans- 
parent at m°- mercun ; iorhde, TePh-C 6 H 4 Me,HgL, small, yellow 
nMdies, m. p 133— 134° after softening at about 123°. Phenyl. o- 
tdytmethyltelluromum iodide,, needles, m. p. 119—120° (decomn ) 
after softening at 116 -117°, is generally a stable substance which 
appears suitable for the preparation of optically active tellurium 
compounds. H W 

The Stability of Solutions of : Benzyl Alcohol. David I 

Mac-ht and Alfred T. Shoul {./. PI, arm. exp. '[her 1920 lb’ 
61—69). Solutions of benzyl alcohol kept in non-soluble glass 
vessels preserve their anaesthetic properties completely for long 
periods of time, and such solutions tend to increase their hydrogen- 
ion concentration very slowly. ® 

When kept m soft glass containers, the fluid tends to become 
alKaline, and the drug rapidly deteriorates in ansesthetic efficiency. 

J. C. D. 

W, eP R ati °? °l?, enzyl Esters 311(1 ot]ler Benzyl Derivatives 
rom Benzyl Chloride. M. Go.mbzro and C 0. Buckler 

°’ lem - So 9- 192 °> 42, 2059 — 2072). — Benzyl chloride, 
ii eated with the dry salts of various organic acids in the 
presence of copper as a catalyst, gives fair yields of the corre- 
ponding esters. Much higher yields of purer esters are obtained 
J,. ™ pl y 3eahn S benzyl chloride and aqueous solutions of the 
ts, the mixture being thoroughly stirred all the time. Similarly 
a aqueous solutions of sodium phenoxides, benzyl chloride gives 
yields of mixtures of benzyl ethers and benzylphenols, the 
ative proportions of the two products varying with the phenol 

H 2 
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used. Good yields of the mixed mono-, di-, and tri-benzylamines 
were obtained from benzyl chloride and aqueous solutions of 
ammonium carbonate. The relative proportions of primary, 
secondary, and tertiary amines varied according to the proportions 
of the reacting substances. Equally good results were obtained 
when the ammonium carbonate was replaced by aniline, methyl- 
aniline, or vi- or ji-toluidine. For tlio preparation of benzyl 
cyanide from the chloride and sodium cyanide, it is quite sal is- 
factory to use water as the solvent. 

In the preparation of benzyl alcohol by hydrolysis of the 
chloride, it is preferable to use sodium hydroxide rather than the 
carbonate and to keen the lime of hoiliug as short as possible. 

W. G. 


Interaction between Ester and Alcohol Groups in the 
Presence of Catalysts. Emil Fischer [with Ernst Pfahlcr and 
Fritz Brauns] (Ber., 1920, 53, [B], 1634— 1644).— Glycerol 
a-benzoate is moderately rapidly converted in ethereal solution in 
the presence of potassium carbonato into a mixture of glycerol and 
dibenzoin. The process is more conveniently followed with the 
benzoyl derivatives of ethylene glycol in chloroform solution, where, 
by it is shown that, the change is balanced and attains an equil- 
ibrium in the presence of the glycol and the mono- and di-benzoates. 
Similar phenomena are observed with the esters of monobasic aciaa 
The action of the potassium carbonate appears to be definitely 
catalytic, since very small amounts of it are sufficient to accelerate 
the change. The phenomena are strikingly similar to those 
observed by Purdie ( r L'„ 1887, 53, 391), who found that an ex- 
change of alkyl radicles readily took place between simple esters ana 
alcohols in the presence of a small amount of sodium alkyloxiae. 
It is considered possible that similar displacements may occur 
among the esters of polyhydroxy-alcohols in the absence of ca.ta.ysls 
and at the ordinary temperature, and that herein may be the 
explanation of the gradual change in melting point observed by 
Griin to take place when diacyl derivatives of glycerol are pre- 
served, and also of the so-called “ ageing” of the natural fats. 

The monobenzoatc of ethylene glycol, when preserved dtirmjj 
twenty-four hours in boiling chloroform solution in contact witu 
anhydrous potassium carbonate, yields a considerable propa™ 1 
of ethylene dibenzoate, whilst a mixture of molar quantities ot tl» 
latter and ethyleneglycol under similar conditions yields unenang 
materials and the monobenzoate. Similarly, ethylene dibenzoat 
and ethyl alcohol yield ethyl benzoate and the mono- and a 
benzoates of ethylene glycol, whilst ethylene glycol and me li . 
benzoate give unchanged ester and the mono- and di-benzoa 
ethylene glycol. Resorcinol monobenzoate becomes decomposed 
the dibenzoate and resorcinol, and, conversely, can be obtame 
these substances. Glycerol monoacetate is largely transform d « 
diacetin. Glycerol and methyl benzoate, when heated with so 
methoxide in pyridine-methyl-alcohohc solution, yield gy 
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benzoates. Similarly glycerol and methyl salicylate give glycerol 
salicylates woPropyhdeneglycerol and methyl benzoate under 
similar conditions are partly converted into wopropylideneglycerol 
benzoate whilst tr.benzom and glycerol give a mixture of glycerol 
mono- and d, -benzoates. Methyl benzoate and benzyl acetate are 
partly transformed into methyl acetate and benzyl benzoate in 
chloroform solution in the presence of sodium methoxide, or in 
methyl -alcoholic sodium methoxide solution. 

The following substances have been incidentally prepared during 
the course of ^ the investigation ■ trimethylene glycol monobenZu 
colourless, relatively mobile oil, b. p. 163 — 164°/1‘’ mnl tvij i 111 
and dibenzoate, m. p. 59°, from trimethylene glycol and benzoyl 
chloride m the presence of quinoline; trimethylene glycol di n 
mtrobenzoate, long, shining needles, m. p. 120° (corr.) after slight 
previous softening; tnmethylene. glycol mono-p-nitrobinzoate long 
needles arranged in clusters, m. p. 490. H » 

Melting Point of Acetylsalicylic [o-Acetoxybenzoic] Acid 

0. Cappelu (Gtorn. C him. hid. Appl., 1920, 2, 291— 3001 — The 
melting point of aspirin, determined in a capillary tube is 13°° 
if incipient fusion is taken, or 135° for complete transparency 
[See also Dahm, A., 1919, i, 124.] y jq p y 

Isomerism of Formylphenylacetic Esters. V. Anilides 
and Piperidides of Formylphenylacetic Acid. Wilhslm 

\\ rsucENus and Rudolf Erbe (Anvalen, 1920, 421 , 119 158) 

—In continuation of previous work (compare A., 1917 ’ i 2681 the 
anilides and piperidides of formylphenylacetic acid have’ now been 
investigated. In each case, two forms have been isolated, which 
according to the evidence of the ferric chloride reaction and the 
. eyer bromine titration method, are (o be regarded as enols and 
hence also as geometrical isomerides, although it has not yet been 
found possible to assign a definite structure to each form. The 
definite enolic behaviour exhibited by each pair of isomerides 
ppears to render the position of the corresponding esters the more 

toTdm^rt and ’ ln th “ 'connexion, the authors are not prepared 
ad nit the vahdity of the arguments advanced by Dieckmann 
■’ 1 J 8 ; *> 15 )- T “ b additive capacity, which has already been 
observed to some extent with the methyl and ethyl esters (loc. cit.) 

lt,re “ arke . d Wlt!l th(! amlides and piperidides, which give stable 
compounds with methyl and ethyl alcohols, and, in the latter 
•nstajice, with water also. 

Formic ester is slowly added to an ice-cold solution and 
■uspension of phenylacetamiule in dry ether in the presence of 
pUium Wire, when the sodium derivative gradually separates. 

I lnstabl .^y of file latter towards water prohibits the use of the 
ecuve acidification method of obtaining tho a- or 0-anilides, and 
product is therefore treated with water and immediately run 
Outirf" excess ° f liilute ioo-cold sulphuric acid, (lie crude product 
mg mainly of the 0-anilide. a-FormylphenytaceluiiiUde , 
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OH-CHICPh-CONHPh, colourless, six-sided plates, is prepared 
in the pure condition by recrystallisation of the crude product from 
benzene (whereby it is necessary .to work rapidly) or, loss 
advantageously, from boiling light petroleum. It has m. p. 68°, 
and, when further heated, resolidifies, and again melts at 98\ 
In alcoholic solution it gives an immediate dark violet coloraiios 
with ferric chloride. It is slowly transformed at the ordinary ' 
temperature into the 0 -raodification (more rapidly when heated) 
or when preserved in contact with less benzene than is requisite 
for complete solution (the dissolved portion, however, consists ex- 
clusively of the a-variety). fi-Formylphcnylacetunilide is isolated 
as described above or by crystallisation of the crude product from 
ether or glacial acetic acid. ’ It forms colourless, three-sided leaflets, 
m. p. 98° (occasionally higher), is stable in absence of air, but is 
slowly oxidised by the latter to a viscous, yellow syrup, and, in 
alcoholic solution, gives an immediate, intense violet coloration 
with ferric chloride. Either variety gives an additive compound 
with ethyl alcohol, slender needles, m. p. 104—106° (decorap.), 
which slowly loses alcohol when preserved; the relative stability 
of the substance, its inability to develop an immediate coloration 
with ferric chloride, and its failure to decolorise bromine cause it 
to be regarded as a definite chemical compound, 
OH-CII(OEt) - CHPh'CO-NHPh. 

The corresponding product from methyl alcohol, silky needles, 
m. p. 107 108° (gas evolution), is considerably more stable, and 

can be preserved unchanged if air is excluded ; on exposure to air, 
it slowly eliminates formic acid. When titrated with bromine in 
alcoholic solution, the a- and 0-forms indicate the presence of 9G'5 ! : 


and 98'8% of enol respectively. 

The following metallic derivatives of formylphenylacet amine 
are described: sodium compound, yellowish-white, someirk 
unstable, crystalline precipitate, which could not be completely 
purified; copper compound, dark green, microscopic, silky needle, 
ill. p. 172—173° (from alcohol), or prisms ( + C 6 H 6 ) from benzene; 
iron compound, slender, red needles, m. p. 20 1 209°. 

Formvlphenylacetanilide is converted at 120—140° m 
0 -anilino-a-phenylacrylauilide, NHPh-CHICPh-CO-NHPh, yello®. 
hexagonal plates or almost colourless needles, m. p. 106 — 10/ , W 
diphenylearbamide and phenylacetaldehyde; the former substaM 
is much more smoothly produced by the action of an excess « 
aniline on formylnhenylacetanilide at 60°. With phenylhydrazm 
the anilide gives the corresponding phenylhydrazone , »len(W 
colourless nellies, m. p. 170-171°, which, at 200-220°, 1» 
aniline and forms 1 : 4 -diphenylpyrazolone, needles m. 

194 1950 l n one instance, an additive compound, small, coio 

less needles, in. p. 158-160°, was isolated from formylpheny « 
anilide and phenylcarbimide, but, in general, for some unexpla 
reason, the action of the substances results in the evolutio 
carbon dioxide and production of 0 -anilmo-a-phenylacry a * 
jn p 106 — 108°. Saturated alcoholic hydrogen chloride, or, p 
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ferably, concentrated sulphuric acid, converts a- or (B-formylphenyl- 
aeetanilide into 0 phenyl ocarhostyril, colourless needles, in. p. 
227—228 . Either form of t.he anilide (or the corresponding 
alcoholates) suffers autoxidation on exposure to air, yielding formic 
acid and benzoylformanilide, m. p. 63—64°, the latter being, how- 
ever, more smoothly obtained from the anilides by oxidation with 
potassium permanganate in acetone solution. 

Piperidine phenylacetate, long, slender needles, m. p. 101—103° 
is converted at 180—200° into phenylacetopiperidide, colourless 
m - P- 5 ~ 7 °> b - P- 200— 203°/ 12 mm. (which is con- 
vemently purified through the hydrochloride, needles m p 
84-8 6 °). The piperidide condenses with ethyl formate in’ ethereaj 
solution in the presence of metallic sodium, yielding sodium formyl 
phenylacetopiperidide, colourless, crystalline powder which could 
not be completely purified ; when suddenly acidified’ by an excess 
of cold dilute sulphuric acid, the sodium derivative yields formyl- 
phenylacetopiperidide, m. p. 110-116°, which is probably to be 
regarded as the crude 0-form. After being crystallised from a 
mixture of benzene and light petroleum, it gives o -farmylphenul- 
acetopipendtde, HO-CHiCPh-CO-C.NH,,,, indistinct, colourless 
microscopic crystals, m. p. 104 — 10G°, which becomes oxidised, with 
evolution of. formic acid, on exposure to air, and yields an 
immediate violet coloration with ferric chloride. In contrast to 
the crude product, the pure a-forni is soluble in cold water, and the 
solution gradually deposits crystals of the hydrate, 

C H (OH)o , CHPh-CO-C 5 NH 10 , 

m. p. 114 (the same substance is obtained when carbon dioxide is 
passed into an aqueous solution of sodium formylphenvlaceto- 
piperidide) ; the substance is remarkably stable, and does not give 
an immediate coloration with ferric chloride. When heated in a 
vacuum at 70—80°, it loses the theoretical quantity of water 
leaving a residue, m. p 122°, which gives a violet coloration with 
ternc chloride (? /3-formylphenyIacetopiperidide), but after 
repeated crystallisation from benzene and light petroleum has 
“■ P- 1 104 1 _ J 0 1 6 ° The hydrate is transformed by boiling 

methyl alcohol into the corresponding methyl alcoholate colour- 
less plates, m, p. 116—117°, and by ethyl alcohol into the ethyl 
moliolate, microscopic platelets or long prisms, m. p. 98°. Formyl- 
phenylacetopiperididephenylhydrazone crystallises in colourless 
rectangular plates, m. p. 158 — 159°, which gradually decompose 
when preserved, and is transformed at 180-200° into piperidine 
and 1 : 4-diphenylpyrazoloue, m. p. 195- 196°. 

Phenylacetodiphenylamide, OH,Ph-CONPh„, m . p. 73 — 74 ° 
(Hausknecht gives 72°), is conveniently prepared from phenylacetyl 
chloride and diphenylammo m the presence of pyridine; when 
treated with ethyl formate and potassium ethoxide in alcoholic- 
ethereal solution, it is quantitatively converted into diphenylamine 
and ethyl formylphenylacetate. A similar result was obtained 
hen metallic sodium and ether were employed, the reaction in this 
instance occurring very slowly. jj 
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Addition of Aliphatic Aldehydes to Unsaturated Com 
pounds. New Synthesis of SLactones. IIans Meerweis 
(Ber., 1920 , 53, [B], 1829— 1835).— In continuation of previous 
work’ (A., 1919, i, 21), it is shown that aliphatic aldehydes which 
contain at least one hydrogen atom attached to the carbon atom 
vicinal to the aldehyde group are pre-eminently capable of con- 
densing with unsaturated aldehydes and ketones, with the form- 
ation of dialdehydes or ketonic aldehydes. The additive capacity 
probably depends on the desmotropic character of the aldehydes; 
attempts to isolate sodium derivatives by the action of sodium, 
sodium alkyloxide, or sodamide on ethereal solutions of the alde- 
hydes were not, however, successful, since the corresponding aldols 
were immediately produced, oven at —40°. In connexion with the 
latter observation, it is somewhat surprising that potassium meth 
oxide can be used as condensing agent with aldehydes, but the 
explanation is found in the fact that aldol formation occurs much 
more slowly in alcoholic solution than in any other solvent, owing 
to the reversible production of hemiacetals, OII’CHR-OR'. 

The ae-dialdehydes and oe-ketoaldeliydes are smoothly converted 
into the isomeric 5-lactones by an intramolecular Cannizzaro reac- 
tion under the influence of alcoholic alkyloxide. The isolation of 
the dialdehydes or ketoaldehydes in the pure condition is quite 
unnecessary for this purpose, since by suitable modification of 
temperature, period of heating, and concentration of alkali it ■ 
possible to obtain either the primary product, the 5-lactone, oi 
the corresponding hydroxy-acid. 

The additive capacity of aliphatic aldehydes also extends to 
a(3-unsaturated esters; thus, isobutaldehyde combines with methyl 
henzylidenemalonate to give the compound, 

CHO-CMe,-CHrh-CH(CO,Me),, 

m. p. 150 -152°, aud this' points the way to a possible simple 
synthesis of 5-aldehydo-acids. 

Finally, a/3-unsaturated aldehydes, which contain at least one 
hydrogen atom attached to the carbon atom vicinal to the double 
bond, readily condense with other unsaturated substances; thus. 
a-methyl-/3-ethylacraldehyde unites with phenyl styryl ketone 
yielding the compound , Cl f-.B/.-CH Ph*CHMe'GH .OMe'CHO. The 
last reaction explains the transformations suffered by acetophenone 
when heated with sodium ethoxide; in all cases, the primary pro- 
duct is dypnone, COPh-CIKCMePh, which, as an a/3-unsaturat«l 
ketone, readily unites with other unsaturated compounds, thin 
yielding dypnopi -acone, CIlBz.CPh’CH^CMePh’CHgBz, and the 

compound, , described by Castaldi (this vol., i, 3911 

r Ctfz’CMe.Ln 

[With Georg Killing.]— y-Benzoyl-fi-plient/l-aa-dimethyh 
butaldehydt, CH,Bz-CHPh-CMe.,-CHO, needles, m. p. 105—106’ 
which decomposes when further heated into its components, ■ 
prepared by warming a methyl alcoholic solution of phenyl styrv. 
ketone and isobutaldehyde with a solution of potassium methonm 
at 40°; the aldehyde is oxidised by chromic acid to y-benzoyl# 
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phenyl oa-dimeUiyl-n-butyiic acid, in. p. 160°. If the reaction 
mixture is allowed to remain in contact with a further quantity 
of potassium methoxide, the corresponding lactone is obtained, 
which, however, is somewhat difficult- to isolate, so that it is prefer- 
able to convert it first into 8-hyd.ro. ry-flS-diphenyl-aa-di methyl -n- 
nilene acid, Olf-CIiPh-t'H.-llf P IrfMfvCO.il I , rhombic prisms, 
m. p- 154 — 155°, from dilute acetic acid, prismatic plates ( + CHC1 3 ) 
from chloroform, which yields the lactone , coarse needles, ni, p. 
106 - 107°, when heated at 200°. 

[With Karl Stei hacker.]— ayy-Trimethyl-B-ethvl4-ralr.ro- 
CHEt-CHMe-CO , 

ketone, ^ , almost colourless, mobile oil, b. p. 140°/ 

17—18 mm., Df 0'9892, 1-46412, is obtained from fsobut- 

aldehyde and a-methyl-B-ethylacraldehyde; the corresponding 
hydroxy-acid is unstable in the free state, and is oxidised by 
potassium permanganate to aay-trimethyl-B-ethylglutaric acid , 
COoH-CMej'CHEt'CHMe-COjH, small, prismatic crystals, m. p. 
135-136°. H. W. 

Reactions with a-Campholide and Ethyl Bromo- 
campholate. H. Rufe and A. Jaogi (Helv. Chim. Acta, 1920, 3, 
654 — 668). — a-Campholide may he obtained in almost theoretical 
yield by heating camphoric anhydride in contact with a nickel 
catalyst and in a current of hydrogen, using an electric furnace, 
as previously described (A., 1919, i, 29, 334). When the tempera- 
ture of the furnace is too high and the current of hydrogen 
insufficient, the campholide formed is accompanied by volatile oils, 
cousisting partly of oxygenated compounds and partly of unsatu- 
rated hydrocarbons of the formula C 9 H ]rj . 

By a slight modification of Baeyer and Villager's method of pre- 
paration (A., 1900, i, 133), bromocampholic acid may be obtained 
ill 80% yield; the acid crystallises in plates or leaflets, m. p. 177° 
(decomp.). The following derivatives of the acid have been pre- 
pared. The chloride., C 10 H 18 OClBr, best obtained with the help of 
thiony! chloride, forms stout crystals of monoclinic habit, m. p. 
57-5°; the amide, C 1( ,H ]s ONBr, fine needles, m. p. 207°; the anilide, 
CH,,Br;C g H, 4 -CONHPh, white needles, m. p. 142° ; the phenyl- 
hydra-nde, CH9Br*0 s H 11 , C0*NH*NIIPh, slender needles, m. p. 
150- -151°; the methyl ester, colourless, greasy oil, b. p. 139°/ 
15 mm.; the ethyl ester, m. p. 9—10°, b. p. 142— 143°/13 mm.; 
the 'phenyl ester, colourless plates, m. p. 46—47°, b. p. 204°/ 
11 mm. 

A compound, C^H^O, which may be Z-phenylelhyl-l :2 :2-tri- 
m e t hy Icyclopen tan e 1 benzyl ketone (?), 

CII 2 Ph-CH 2 -C 8 H 14 -CO-CH 2 Ph, 

obtained in small yield by the interaction of ethyl bromo- 
camphclate and magnesium benzyl chloride, forms large, shining 
leaflets, m. p. 119°, b. p. 245— 250°/14 mm. 

When heated with quinoline, aniline, or dimethylaniline, ethyl 
bromocampholate loses ethyl bromide, giving a-campholide. When 
heated with methyl-alcoholic potassium hydroxide, however, it loses 
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only hydrogen bromide, yielding ethyl 1:2: 2-trimethyl^ 
methylenecyclopentane-l-carboxylate, CHg'.CgH^COgEt, which is 
a colourless oil of pleasant, aromatic odour, b. p. 93°/ 12 mm 
fal» + 20'62° (12-99°), [a]p + 26'73° (16*38°), ^j + 31-57* 

(18*97°), [ojp 41*24° (25*41°) (the values in brackets being for its 
solution in benzene), n a 1*45575, n n 1*45773, 1-46446. 

n Y 1*47005; when treated with bromine in chloroform, this un- 
saturated ester yields its ftrorao-derivative, C ]2 H ]9 0 2 Br, m. p. 149°. 

1:2: 2-Trime t hy l cyclop entane-1 : 3 -dimethanol, 


CH 2 -CH(CH s -OH) 

CH,-CMe(CH,'OH)- > 2 ’ 

obtained by reducing a-campholide with sodium and alcohol, forms 
long, shining needles, m. p. 130°, b. p. 151 — 154°/ 12 mm. 

a-Camphidone (compare Oddo and Leonardi, A., 1897, i, 86; 
Tafel and Eckstein, A., 1902, i, 43; Rupe and Splittgerber, A,, 
1907, i, 1016; Tafel and Bublitz, A., 1906, i, 43) may be prepared 
in good yield by heating a-campholide in a sealed tube with zinc 
chloride and ammonia, and camphidine (Tafel and Eckstein, he. 
cit.) may be obtained by similar treatment of the above glycol. 

T. H. P. 


The Vapour Pressure of Phthalic Anhydride. K, P 

Monroe (.7. hid. ting. Chem., 1920, 12 , 969 — 971. Compare this 
vol., i, 164). The vapour pressure of phthalic anhydride at 
various temperatures was found to be as follows ; 

t 212 0* 2220* 234-6* 241-5“ 252-4* 284-6* 

p (mra. Hg) 130-5 172-1 241-2 287-1 369 4 759-3 

The interpolation formula applicable to these data is: 
log 10 p = 7-94234 — 2823'5/T’, where p is the vapour pressure in 
mm. of mercury and T the absolute temperature. \V. P. S. 


A New Class of Hypnotics. The Dialkylhomophthal- 
imides. Aoguste Lush^re and Felix Perrin ( Compt . rend., 1920, 
171 , 637 — 639). — Dialkylhomophthalimides of the type 


°* H ‘<CO- 


.CRR'-CO 


NH 


may readily be obtained by the action of the corresponding alkyl 
iodides on homophthalimide in the presence of sodium ethoxide. 
The following have been prepared : diethylhomojihthalimide, m. p. 
144°; ethylpropyliomophthalimide, m. p. 117°; dipropylhomo- 
phthalimidt , in. p. 128°; diallylhomophthahvu.de, m. p. 140 — 141°. 
All these compounds are hypnotics, whilst, at the same time, their 
toxicity is very slight, and they are apparently free from any 
unfavourable secondary action. W. G. 


Some Derivatives of Phthalide. J. Herzio [with Hedvig 
Brunner and Marianne Schleiffer] (Annalen, 1920, 421, 
283 — 292). — In connexion with the work on gallcflavin (this vol, 
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i, 863), it has been found necessary to repeat the investigations 
of Bargellini and Molina (A.., 1912, i, 773) on 3 : 4 : 5-trimethoxy- 
phthalide. The preparation of 3:4: 5-trimethoxytrichloromethyl- 

phthalide, by the action of chloral on 

methyl trimethylgallate, could not be satisfactorily repeated, but 
by hydrolysis of the crude product of the action, followed by treat- 
ment with diazomethane, it was found possible to isolate methyl 
3:4: 5-trimethoxyphthalidecarboxylate, 

C|, H(O Me )3<CH(C0 2 Me)>0' 

monoclinic crystals, a : h :c = 1-1366 : 1 :0 6983, j8 = 122°33' m p 
119— 121°, in reasonable yield, which is hydrolysed by ’methyl- 
alcoholic potassium hydroxida to 3:4: 5-trimethoxycarboxy- 
phthalide, m. p . 146 — 149° (Bargellini and Molina give in. p. 
142—143°). Distillation under diminished pressure or treatment 
with sodium acetate and acetic anhydride (but not with the latter 
alone) transforms the acid quantitatively into 3 : 4 : 5-trimethoxy- 
phthalide, monoclinic crystals, a: b :c=0'9548 :1 :0'9640, m. p. 
133—135° (Bargellini and Molina, m. p. 134—135°). ’ r 

The melting point of 3:4: 5-trimethoxy-o-phthalic acid has been 
recorded as 175—176° by Windaus (A., 1911, i, 904), 174° by 
Bargellini and Molina (loc. cit.), and still higher by Feist (A , 
1908, i, 100); a specimen prepared by the oxidation of 3:4: 5-tri- 
methoxyphthalide had the constant ’m, p. 145—148° (decomp.), 
and readily yielded the corresponding methyl ester, m. p. 62—65°. 
A specimen prepared by the authors, and subsequently recrystal- 
lised three times from a mixture of ether and light petroleum by 
Windaus, had m. p. 171° after some previous softening. Appar- 
ently, the conversion of the acid into the anhydride is greatly 
catalysed by traces of impurity, possibly derived from the alkali 
of the glass capillaries. 

Methyl 2 : 3-dimethoxy benzoate condenses with chloral hydrate 
in the presence of concentrated sulphuric acid, with the formation 

of 5 : 6-dimethoxytrichloromethylphthalide, m. p. 105 107° 

(Fritsch, A., 1898, i, 663, gives 104°), which is hydrolysed with 
some difficulty to 5 : b-dimethoxycarboxyphthalide, 

0 6 H,(0Me) 2 < 0 ^?~>0, 

p. 151 — 154°, The latter is quantitatively transformed into 
5 : 6-dimethoxypKthaIide, in. p. 99— 101°, when distilled under 
diminished pressure. No evidence of the formation of Fritsch’s 
2-carboxy-3 :4-dimethoxymandelic acid could be observed. 

H. W. 

The Bile Acids. VI. Martin Schenck ( Zeitsch . physiol. 
t™, 1919, 107, 152 — 156 ). — Cilianic acid and hydroxylamine 
hydrochloride were dissolved in 10% sodium hydroxide, and, after 
sating in steam for a few hours, the mixture was left for twentv- 

) i* 2 
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four to forty-eight hours at the ordinary temperature. On the 
addition of dilute hydrochloric acid, a pasty precipitate was 
formed. The precipitate, as well as the filtrate, was extracted 
with ether, and the ethereal extract evaporated at the ordinary 
temperature, and eventually in a vacuum. A white, amorphous 
substance was thus obtained, which gave Lassaigne’s reaction. 
This substance was extracted twice with ether (fractions A and 7J), 
leaving a residue fraction, G. The three fractions commenced 
liquefying at about 100° and frothing about 120 — 125°, after 
which temperature they decomposed. The nitrogen analyses of all 
Hire© fractions agreed with the figures for the oxime of cilianic 
acid, C 04 H 34 O 9 INOH, in which only one ketone group reads 
with the hydroxylamine. The theory of the formation of cilianic 
acid from bilianic acid, and its bearing on the other inactive ketone 
group, is discussed. S. S. Z. 

Unsaturated Bile Acids. Kr. Boedeckrr ( Ber. y 1920, 53, [£]. 
1852 — 1862) .---The only unsaturated bile acids which have been 
isolated previously are cholatrienecarboxylic acid (Wieland and 
Weil, A., 1912, i, 830) and choladienecarboxylic acid (Wieland and 
Sorge, A., 1917, i, 685), which are obtained from cholic and deoxv* 
cholic acids, respectively, by distillation under diminished pressure, 
and in which the hydroxyl groups of the parent acids are com- 
pletely absent. The author has examined the behaviour of cholic 
acid towards milder dehydrating agents (molten glycollic acid and 
potassium hydrogen sulphate, dilute sulphuric acid, zinc chloride, 
oxalic acid, phosphoric acid), and has obtained products from 
which an unsaturated dihydroxy-bile acid, can be 

isolated in good yield, and for which he proposes the name 
apocholie acid. It follows that one of the three secondary 
hydroxy-groups of cholic acid is particularly readily eliminated 
under the action of dehydrating agents, whilst the remaining two 
are considerably more firmly retained. Now Borsche (A., 1919. 
i, 276) has shown that two hydroxyl groups are present in the 
same positions in the molecules of cholic and deoxycholic acid, 
and, if the third hydroxyl group of the former is the one which 
is lost, a/jocholic acid must be an unsaturated derivative of deoxy- 
cholic acid. The direct hydrogenation of npocholic to deoxycholic 
acid has not been effected up to the present, since the substance is 
peculiarly resistant to the action of hydrogen, but the two acids 
are so similar in -heir general chemical behaviour that they can 
readily be mistaken the one for the other. 

Cholic acid is converted by zinc chloride in boiling acetic acid 
solution into a mixture of unchanged material, apocholic aerf 
and less saturated acids; the latter are separated by treatment 
with cold ether, and are recovered from the ethereal solution as a 
pale yellow resin. Cholic and opocholic acids are separated by 
taking advantage of the sparing solubility of the former in cold 
alcohol, in which the latter dissolves readily. The crude apoehobt 
acid is converted into its compound with acetic acid, and the latter 
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is crystallised from aqueous alcohol, Ihe product being ultimately 
heated at 120 — 1 30° / 0 ' 1 — 0 3 mm. opoCholic acid has m. p. 

173 — 174°, [o]d + 49*87° in absolute alcoholic solution; it immedi- 
ately decolorises alkaline potassium permanganate solution, readily 
absorbs bromine, with the formation of a dibromide, and gives a 
coloration with acetic anhydride and sulphuric acid similar to, but 
more decided than, that of deoxycholic acid. Its alkali- salts are 
freely soluble in water, but the calcium, barium , and strontium salts 
are precipitated as plaster-like masses. The magnesium- salt crystal. 
Uses in very characteristic, slender needles; the silver salt was 
analysed. The following additive compounds are described: 
ueet ic-apoclwlic and, t .fl ^Oj.f'.TTjO., small, colourless prisms, 
ni. p. 135—155° after previous softening according to the manner 
of heating, [n]o +45*35° in alcoholic solution, which obstinately 
retains a portion of the acetic acid, even after protracted heating; 
butyric, -upocholit; acid, (C 2l H. [5 0,) 2 ,C 4 H a 0.,, needles, m. p, about 
170°; palmi f ic-apoc/i olic acid, ‘ (C. 24 H s 0 4 ) s ,Ci a II 3 .,0,. slender 
needles, m. p. 184 — 185°, [o]“ +43*7° in absolute alcohol; stenric- 
ap acholic acid, needles, m. p. 185 — 18G°; a compound could not 
be obtained with formic acid ; with benzene, needles, m. p. 

174- 175°; with xylene, (C M H M 0 4 ).,,C s H,„, hexagonal plates, m. p. 
171—172° after previous softening; with naphthalene, 

(C ;4 H 38 O 4 kC 10 H Sl 

slender needles, m. p. 173—174°, [ajj? +41*20° in absolute alcohol; 
with ethyl alcohol, slender needles, which lose alcohol on exposure 
to air; with ethyl acetate or acetone, unstable prisms; with hem- 
aldehyde, needles, m. p. 156°; with A-camphor, C., 4 H 3S O 4 ,C 10 H ](i O, 
small needles, m. p. 179—180° after softening at 177°, [a]f +43*80° 
in ethyl-alcoholic solution. 

Methyl apo cholate has m. p. 88 -90° after slight previous 
softening; it retains a part of the ability of the parent acid to 
form additive compounds, and thus yields the substances, 
C 24 H 37 0 4 Me,Me0H, 

long prisms, m. p. 83 — 84° after softening at 75°, which slowly 
loses methyl alcohol on exposure to air, and C 24 H 3; 0 4 Me,C 2 II 4 0 2 , 
large prisms, m. p. 87 88° after slight softening at 85°. 

H. W. 

The Chemistry ol Polycyclic Structures in Relation to 
their Homocyclic Unsaturated Isoraerides. I. Some 
Derivatives of ci/c/oFentene and rfici/cfoPentane. Ernest 
Haroi.d Farmer and Christopher Kelk Incold (T., 1920 117, 
1362 - 1373 ). 

The Resolution of the Keto-dilactone of Benzophenone* 
2:4:2': 4' tetracarboxylic Acid. William Horson Mills and 
Charles Reynolds Nodder (T., 1920, 117, 1407 — 1410). 

' Tannins. VI, Chebulic Acid. II. Karl Fkeudenberg and 
Bruno Pick (Ber., 1920, 53, [flj, 1728—1736. Compare A.. 
1919, i, 412). — Chebulic acid is decomposed by hot water into an 
amorphous acid and a crystalline tannin, which has been pro* 
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visionally regarded as a digalloylglucose. This hypothesis is now 
fully confirmed by observations on its degradation under the 
influence of tannase (compare this vol., i, 562) ; the increase 
in acidity and the relative proportions of gallic acid and dextrose 
can only be explained if the substance is regarded as a digalloyl- 
glucose, and this is confirmed by the results of the elementary 
analysis of the substance itself and of its crystalline acetyl deriv- 
ative [di(triacetylga!loyl)-triacetylglucose, coarse needles, m. p. 
177 — 179°], and of determinations of molecular weight, which can 
be effected in boiling acetone. The digalloylglucose is unaffected 
by emulsin, phaseolunatase, or yeast extract, and thus differs from 
the 1-galloyl-B-glucose recently described by Fischer and Berg- 
mann (A., 1919, i, 89). It is possibly a derivative of a-glucose, 
but probably the 1-position of the sugar is free, and, in chebulinit 
acid, attached to the amorphous acid. Investigation of the latter 
is as yet incomplete. It does not crystallise in the free state. In 
addition to the thallium salt described previously (foe. cit.), the 
brucine salt, m. p. about 250° after darkening above 200°, has 
now been investigated. The composition of both these salts 
indicates that it is a dibasic acid, C 14 H 14 O n , but it possibly con- 
tains a third, feebly acidic, group, since the equivalent, as deter- 
mined by titration with litmus as indicator, corresponds with about 
^C 14 H u O u . It yields pyrogallol when distilled under diminished 
pressure. The suggested formula, C] 4 H ]4 0„, can be brought into 
harmony with the composition of chebulic acid if the latter is 
regarded as formed from digalloylglucose and the acid with the 
loss of two molecules of water: C.,oH- i > u 0 14 + C 14 H J . 1 0 11 — 

2IIoO. Such a new formula for chebulic acid is in agreement with 
the" most trustworthy analytical data recorded in the literature 
and with the molecular weight as determined by titration and by 
the ebullioscopic method with acetone as solvent. It also explains 
satisfactorily the observations recorded in the previous communi- 
cation on the fission of chebulic acid. 

It is, however, quite possible that the " fission acid ” has only 
half the assumed molecular weight, although the composition of 
the salts does not harmonise so well for an acid such as C 7 H 6 O s , 
and the explanation of the optical activity is difficult; in this case, 
two such molecules must be present in the molecule of chebulic 
acid. The hypothesis that the “fission acid” is actually a mix- 
ture, possibly of C 7 H c O„ and C 7 H s O-, would explain many of its 
properties and be reconcilable with other observations, such as 
the ratio of the amo mts of degradation products obtained from 
chebulic acid. Lastly, it is also possible that a third, readily 
detached gallic acid residue is present in chebulic acid. H. IV. 

The Synthesis of /3-Keto-bases from Amine Salts,, 
Formaldehyde, and cycl oHexanone. C. Manmiui and R. Beads 
(Ber., 1920, 53, [if], 1874 1880).— The synthesis, previously 
applied to aliphatic ketones (A., 1917, i, 634), has now been 
extended to cycfohexauoue. 
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\-Dimethylaminomethylcjc\okezan-2-one hydrochloride, colour- 
less crystals, m. p. 152°, is readily obtained' in 85% yield by the 
interaction of cyclohexanone in formaldehyde solution and di- 
lnethylamine hydrochloride. The corresponding free base, 
HjC-CHj-CH • CH„-N Me., 

H.jC-CH.pCO 


has b. p. about 100°/13 mm., and cannot be long preserved at the 
ordinary temperature; the picrate, pale yellow needles, m. p. 
149°, perchlorate, m. p. 156°, and aurichloride, yellow ’ prisms] 
m. p. 132°, are described. The inelhiodide is very unstable, 
decomposing at the ordinary temperature into trimethylammonium 
iodide and methyleneeycfohexanone. The keto-base yields an 
oxime hydrochloride, very hygroscopic rods, m. p. 158°, and a 
cyanohydrin, broad needles, m. p. 55°; it is oxidised to adipic 
acid by potassium permanganate or nitric acid. Reduction by 
means of aluminium amalgam and moist ether converts the ketone 
into l-dimethylaminomethylcydoheean-2-ol, colourless, stable oil, 
b, p. 108°/ 13 mm. [the hydrochloride, very hygroscopic crystals, 
m. p. 160°, picrate, acetate, colourless liquid, ”b. p. 136° / 13 mm. 
(hydrochloride, m. p. 141°), and benzoate, viscous oil (hydro- 
chloride, needles, m. p. 220°), are described]. 

The condensation of methylamine hydrochloride, formaldehyde, 
and cyclohexanone takes a more complicated course, but it has 
been found possiblo to isolate the following substances in the pure 
condition: (i) l-methylenecycfohexan-2-one, b. p. 65°/13 mm., 
temicarbazone, m. p. 195°; (ii) the ether, 0(CH 2 -C 6 H 9 0) 2 , rods! 
m. p. 149°, the constitution of which is deduced from its analysis, 
its inactivity towards acetic anhydride, and the formation of a 
temicarbazone and a bisphenylhydrazone, m. p. 191°; and (iii) 

bizcyclohcxanonylmethylmethylamine, MeN[ 1 ^ 1 


co-cH’-inji 

needles, m. p. 172° (the hygroscopic hydrochloride, aurichloride, 
platinichlorule, picrate, yellow needles, m. p. 175°, and methiodide , 
quadratic crystals, m. p. 144°, are described). 

Similarly, ammonium chloride, formaldehyde, and cyclohexan- 
one give tricyclohemnonylmethylamine, > 

slender crystals, m. p. 119°; hydrochloride, coarse, colourless 
crystals, m. p. 110°. H. W. 


Preparation of /3-Tetrahydronaphthyl Methyl Ketone. 

Albkrt R. F. Hesse (Bar., 1920, 53, [ B ], 1645).— It has been 
observed by Scharwm (A., 1902, i, 62a) that acetyl chloride reacts 
unusually energetically with telrahydronaphthalene, and that 
tetrahydronaphthyl methyl ketone can only be isolated in the pure 
state from the product by repeated fractional distillation. The 
difficulties attendant on the preparation have been ascribed by 
von Braun to the presence of dihydronaphthalene in the original 
material, and this suggestion appears to be confirmed by the 
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author’s observation that pure tetrahydronaphthalene reacts slowly 
with acetyl chloride in carbon disulphide solution in the presence 
of aluminium chloride, with the production of /3-tetrahydro- 
naphthyl methyl ketone, b. p. 182°/ 20 mm., which is obtained in 
the pure condition after a single distillation, and in almost 90% 
yield. The ketone is conveniently characterised as its semicar b- 
azone, m. p. 234 — 235°. H. \V. 


Relationships between the Dimeric Ketens and cych - 
Butane-1 : 3-dione and its Derivatives. G. Schroeter { Ber 
1920, 53, [5], 1917 — 1926). — A reply to Staudinger’s criticism 
(this vol., i, 517) on the author’s conception of dimeric ketens as 
“ polyraolecules,” in which the components are not united by main 
or subsidiary atomic valencies, but by molecular valencies (A 
1917, i, 145). 

C H CO 0 H 

The isolation of two camphorketens, 11 

C H CO CO 

and CO-^^^^CO^^^C H ’ ^ as ^ een °° n8 idered by Slaudinger 

as strong evidence in favour of regarding such substances as atomic 
compounds, but the author points out that the nis-trans nature 
of the isomerism has been by no means definitely established. The 
two forms differ most widely in their specific rotations in benzene 
and ethyl acetate solutions, and such considerable divergence is 
more readily explained by the assumption of structural isomerism, 
the greater specific rotation of the one isomeride being due to. the 
presence in it of a double bond in close proximity to the asym- 
metric carbon atom. The argument is illustrated at the instance 
of methyl camphorcarboxylate, which, in the ketonic form, has 
[a] D +18-40° in benzene solution (mean value of a large number 
of determinations, in which c = 0*3 — 3 0); in alcohol, ethyl acetate, 
acetone, ether, and chloroform, the values of [aj^ 0 are -+ 59*58° 
59'00°, 54-39°, 62-66°, and 62-33°, respectively, and each of these 
solutions contains an equilibrium mixture. The completely 
enolised ester has [a|J about + 154° in benzene or alcohol, although 
this value is a little uncertain by reason of the unascertained 
influence of the sodium alkyloxide added as enolising agent. It is 
certain, however, that the specific rotation of the enol is about 
eight times that of the ketone, and similar differences are recorded 
for other keto-enolic desmotropes in the camphor series. It 
appears therefore T, alid to conclude that Staudinger s camphor- 
ketens are keto-enolic isomerides, which may be regarded as formed 
from the desmotropic forms of camphorcarboxylyl chloride in 
accordance with the schemes : 


^OCOCl 
(®) C » H h < (J.0II 


o-co 

O s H 1( <h . 


C„H, 


n-co- 

4 <C-0 


and (6) 




CH-COC1 

CO 


C,H m < 


c:co 

co 
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the form (“)> which contains an olefinic double bond in close 
proximity to the two asymmetric carbon atoms, exhibits the higher 
optical activity. 

The cyrfobutane-l :3-diones cannot be considered as 1:3 -ci/cln- 
butenolones, since they behave towards metals in indifferent media 
precisely as diketones, and are only attacked after addition of an 
enolising solvent, such as alcohol. Staudinger’s explanation of 
the phenomena as due to passivity of the metal is insufficient, 
since the enolie forms react as strong acids. The author justifies 
his previous position with respect to the isomerism of the methyl- 
ketencarboxylie esters, (CTXMe'CMeiCO).,, and methyl 1 : 3-di- 

methylcycfobutanedionedicarboxylate, CQ m *>C<^>C<q * ; 

and. finds in the action of bromine (giving an additive product, 
which spontaneously eliminates methyl bromide) further evidence 
ill favour of his mode of formulating the latter substance, since 
the reaction is readily explained by the intermediate formation of 

the product C o^)>C<^^L^'CBr<j^ Me > which subsc- 
quenlly passes into the more stable anhydride, 

Me. /COO 

>C< >C0 ; 

COjMe'' MXPCBrMe 

the reaction is thus precisely analogous to the transformation, 
recorded by Staudinger, of the methyl ester of camphoryl chloride 
into a brominated camphoric anhydride under the influence of 
bromine at a low temperature. 

The transformation of dimeric ketens into ketones and deriv- 
atives of 0-ketocarboxylic acids cannot be regarded as evidence 
of their constitution, since they are readily d ©polymerised to the 
highly reactive simple ketens, which can readily unite with carb- 
oxylic acids or their derivatives to £-keto-acids. Further, the 
reverse transition of a true cytfobutane-1 : 3-dione into a dimeric 
keten has not, so far, been observed, and so long as this is the case 
the substances cannot be regarded as keto-enolic desmotropes. 

H. W. 

Malonyl Bromide and a Synthesis of penAcenaphth- 
indandione. Karl Fleischer, Heinrich Hittbl, and Paul 
Wolff (Ber., 1920, 53, [/?], 1847— 1852).— The synthesis of a 
large number of indandiones has been described by Fleischer and 
his co-workers, but these substances have almost invariably been 
prepared by the aid of dialkylmalonyl chlorides; attempts to pre- 
pare un substituted compounds have generally been unsuccessful by 
reason of the instability of malonyl chloride. Since, however, 
Fleischer and Wolff (this vol., i, 541) have found that oxalyl 
bromide is more suitable than oxalyl chloride for ring formation, 
on account of the greater mobility of the halogen atoms, the 
authors have turned their attention to the possibilities of malonyl 
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bromide, and find that this substance also gives considerably better 
results than the corresponding chloride. 

Malonyl bromide, pale yellow, heavy liquid with a distinct 
green fluorescence, which fumes strongly on contact with the atmo- 
sphere, and gradually becomes brown when preserved, b. p 
55 — 57°/ll mm., is prepared by passing an excess of dry hydrogen 
bromide into ice-cold malonyl chloride. It reacts with ace- 
naphthene dissolved in carbon disulphide in the presence of 
aluminium chloride to yield periacenaphthindandione (annexed 
formula), yellowish-brown, rectangular rods or small 
needles united in clusters, which become discoloured 
but do not melt, below 300° (a similar experiment 
with malonyl chloride did not yield this substance). 
The constitution of the compound is deduced from 
its oxidation by fuming nitric acid to a mixture of 
mellophanic acid, C ]0 H 0 O 8 , m. p. 239 — 241°, and 
naphthalene-1 : 4 : 5 : 8-tetraearboxylic acid, colourless 
needles, not melting below 300°, which has been 
obtained previously by Freund and Fleischer a 

1913, i, 1075) by oxidation of 5-isobutyrylacenaphthen-6-carb- 
oxylic acid. H. W. 

Synthesis oi a Phenanthra anthraquinonefluorenone. 

Alfred Schaarschmidt and Johann Herzenbero ( Ber ., 1920, 
53, [JBJ, 1807 — 1814. Compare A., 1919, i, 26). — Chloroanthra- 
quinone-2-carboxylic acid is converted by phosphorus pentachloride 
into the acid chloride, which condenses with p-xylene in the 
presence of aluminium chloride to yield l-chloro-2-p-xyloylanthrn- 
ijuinone , C ; t H 0 C 1 ■ C 0 ■ C ,, H . id e .. . pale yellow, shining needles, 
m. p. 175 — 176°, the success of the preparation being greatly 
dependent on the purity of the xylene. l-Amino-‘2-p-xyliiyl- 
anthraquinone , compact, reddish-brown needles or leaflets, m. p, 
146—147°, prepared by heating the preceding substance with 
alcoholic ammonia at 180 — 190°, is diazotised in concentrated 
sulphuric acid solution, and the product is treated with copper 
powder, whereby dimethyl-1 : 2-anthraquinonefluorenone [3:4- 
phtha.lyl-5 : 8-dimethylfliiorenonei] (formula I), yellowish-brown 
leaflets with an intensely green fluorescence, m. p. 256°, is obtained, 
together with 1 - methylphenanthra-anthraquinonefluorenont 
(formula II), pale brown, amorphous powder, which volatilises 
without melting at 370 — 400°, the substances being separable by 
crystallisation from . yridine or carbon disulphide; minor amounts 
of l-hydroxy-2-p-,ryloylanthraipiinone (which was not further 
investigated) and 2-p -xyloylanthraquinone, m. p. 159° (which was 
also prepared from anthraquinone-2-carboxylyl chloride, p-xylene, 
and aluminium chloride, and yields an intensely green vat 
with hyposulphite), were also isolated. The constitution of 
1-methylphenanthra-anthraquinonefluorenone follows from its 
formation by dehydrating agents, such as zinc chloride or sulphuric 
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ac id, from p-dimethylanthraquino-2 : 1-fluorenone. Either sub- 
stance is converted by fusion with potassium hyd^xide into a 
ine lhylpheruinthra-aiithraquin‘oni'carb 0 xylic acid (formula III), 
reddish-brown, amorphous substance, which could not be crystal- 
lised by reason of its very sparing solubility in all media; the 
corresponding silver salt was analysed. 


CO 


CO 


CO 



(I) 


(II.) 


(III.) 


H. W. 


The Camphene Series. I. Mechanism of the Trans- 
formation, fsoBorneol ~ Camphene. Hans Meerwein and 
Konrad van Emster (B«r., 1920, 53, [B], 1815 — 1829). - The 
unusual phenomena attendant on the conversion of isoborneol into 
camphene have usually been explained by the assumption of the 
intermediate formation of tricyclene; this hypothesis is, however, 
rendered improbable by the authors' observation of similar changes 
in the dehydration of monocyclic alcohols, which are structurally 
similar to isoborneol, and it appears more probable that the 

intermediate product is a compound with a bivalent carbon 

atom (annexed formula). Attempts were there- 
fore made to form such a substance, and 

camphorhydrazone was, for this purpose, treated 
with yellow mercuric oxide, thereby giving the 

mercury compound, 1 ‘ ,-s^-y , ,qpj 

which, when warmed in alcoholic suspension, was, 
however, smoothly transformed into tricyclene. The idea of the 
intermediate formation of a compound with bivalent carbon must 
therefore be abandoned. Tricyclene, which can readily be 

obtained from easily accessible materials in this manner, has been 
subjected to an extended examination, and is found to be practic- 
ally unaltered by protracted treatment with sulphuric acid (33%) 
at 100° (in similar circumstances, isoborneol is almost entirely con- 
verted into camphene), and to react with chloroacetic acid with 
considerably less readiness than does camphene. It is therefore 
impossible that tricyclene should be an intermediate product of 
the transformation of is-oborneol or its esters into camphene. n 


H 2 OCH — CH 2 
H 2 (J CMe 2 C< 
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general, it is shown that fission of the trimethylene ring in tri- 
cyelene occurs most readily between the 1 : 2- or 1 : 6-carbon atoms- 
thus, it is reduced by hydrogen and nickel at 180 — 200° to 
fsocamphane, b. p. 163°, m. p. 57°, possibly after isomerisation to 
camphene. Addition of bromine leads to 


H 2 e-CH-CMe 2 

BrHC CH, (!'<k 9 

\ 1 / Br 

hjh/ 


the formation of a liquid dibromide (prob- 
ably annexed formula), from which crystals 
of pinene cr camphene dibromide cannot be 
caused to separate, and which readily 


loses one atom of bromine when boiled 


with alcoholic alkali. When gaseous hydrogen chloride is passed 
into an ethereal solution of tricyclene (or of camphene), crystal- 


line camphene hydrochloride (annexed formula), m. p. about 


125 — 127°, separates in 70% yield; the sub- 


H 2 OCH-“CMp 9 stance is characterised by the unusual mobility 
• Att A-xMe of the chlorine atom and the readiness with 
H* , *, <C1 which it eliminates hydrogen chloride. The 
latter phenomenon is rapidly exhibited by the 
freshly prepared substance, and appears to be 


catalytically accelerated by acids. The chloride is slowly decom- 
posed by cold water, with production of camphene hydrate, m. p. 
146 — 147°, and so rapidly by N / 2-alcoholic alkali that it can be 


smoothly titrated with such cold solutions. Its most remarkable 
property, however, is its tendency towards transformation into 
wobornyl chloride, m. p. 158°, which occurs slowly at the ordinary 
temperature, rapidly in a sealed tube at 130 — 140°, or by diges- 
tion with methyl -alcoholic or ethereal hydrogen chloride at the 
ordinary temperature. This behaviour explains why previou? 
attempts to prepare camphene hydrochloride have invariably led 
to product^ containing more or less fsobornyl chloride. The latter 
is far more stable towards Nj 2-alcoholic potassium hydroxide 
solution, but the chlorine atom can be removed quantitatively by 


boiling the substance with the reagent for half an hour; pinene 
hydrochloride is practically unaffected by this treatment. A 
simple method is thus given for approximately estimating the 
proportions of camphene hydrochloride, isobornyl chloride, ami 
pinene hydrochloride in a mixture of the three products. The 
camphene hydrochloride-z.mbornyl chloride transformation ha* 
been examined in this manner, and it is shown that an equilibrium 
is attained in the presence of the two chlorides, and also, in all 
probability, of pinene hydrochloride. Camphene hydrochloride 
and fsobornyl chlc:*de therefore behave as desmotropic substances, 
and this discovery gives the explanation of the transition from the 
camphor to the camphene series, and vice versa. The formation 
of iAobornyl esters from camphene occurs through isomerisation ot 
the camphene hydrate esters primarily formed. The formation ot 
camphene from pinene hydrochloride, wobornyl chloride, and other 
wobornyl esters, initially obtained by the action of acidic agents 
on woborneol, takes place after previous transformation of these 



ORGANIC CHEMISTRY. i. 857 


substances into camphene hydrochloride or other camphene hydrate 
esters: 


HjC-CH— OM e, 

h.o ch, c:ch s 


— Hi 


V-h/ 


H,C-CH-CMe s 

" ?V<0 U Ac 
''CH 7 


I v H * 

HjO- j 

AcO-6h 


CMe 


The change, isoborneol — camphene, is thus closely analogous to 
the so-called retro-pinacoline transformation (Tiffeneau, A., 1908, 
i, 117), but the mechanism of the action is not fully elucidated. 
Most probably it consists of intramolecular atomic displacements, 
that is, a direct exchange of position between the alkyl radicle 
and the halogen atom, since it is otherwise difficult to explain the 
analogous change observed with tertiary alcohols and their esters. 

Finally, it has been observed that the camphene obtained from 
optically active or inactive isoborneol is invariably inactive, and 
the same is generally true for isoborneol prepared from camphene. 
This fact was easily explicable on the assumption that symmetrical 
Iricyclene is intermediately formed, but this hypothesis is no longer 
tenable. Possibly the desmotropic nature of the isobornyl and 
camphene hydrate esters is in itself sufficient explanation of the 
observed racemisation, but it appears more probable that, in addi- 
tion to the main reaction, isoborneol — camphene hydrate ~ 
camphene, a subsidiary reversible change, camphene hydrate “ 
tricyclene, is also involved, iu which racemisation occurs. Since 
this is caused by the presence of acids, it would therefore be ex- 
pected that transformations of isoborneol into camphene, and vice 
versa, which take place in the absence of acids, would lead to 
optically active products. This seems actually to be the case, since' 
active isoborneol has been prepared by the action of cold formic 
or acetic acid on camphene in the absence of mineral acid, whilst 
the possibility of preparing active camphene from isoborneol 
appears to be guaranteed by Ipatiev’s conversion of optically active 
isoborneol and borneol into active fsocampbane. H. W. 


Chinese Pine Resin and its Essential Oil. Yeikosuke 
Skinosaki and Tetsuij Ono ( J , Chetn. Ind. Tokyo, 1920, 23, 
45 — 56). — Pine resin obtained from Wen-Chow, China, contained 
8T5% of an essential oil, D 15 0-8670, n“ 1*4711, [o] D — 3T41°, 
which contained 85% of o-pinene, a trace of dipen tene, and 11% of 
a tricyclic sesquiterpene, C 1V H M , b. p. 92 — 93°/2'5 mm., 
D 15 0-9408, D“ 0-9398, < 1-5031, [a] D +47-311° in ether, which 
was isolated as the monohydroMnride, needles, m. p. 58 — 59°, by 
passing hydrogen chloride into an ethereal solution of the fraction 
of the essential oil, b. p. 90 — 105°/2’5 mm. 

Chemical Abstracts. 


Glucosides. VII. Constitution of Amygdalin. P. Kaerer, 

C. Naoeli, and L. Lang [Heir. Chim. Acta, 1920, 3, 573 — 583. 
Compare this vol., i, 370).- The object of the experiments here 
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described was to ascertain if the still unknown disaccharide of 
amygdalin is identical with cellobiose. It has been already shown 
(A., 1919, i, 594; this vol., i, 370, 395) that the silver salts of 
a-hydroxy- or o -hydroxy-carboxylic acids react with acetylbromo- 
glucose, giving the acetylated glucosides and esters of these 
hydroxy-acids. Tetra-acetylglucosidoraandelic acid, obtained in 
this way from mandelic acid, has now been converted by the action 
of phosphorus pentachloride into j8-tetra-acetyl-d-glucosido-d/- 
mandelic acid chloride, which, with the calculated quantity of dry 
ammonia, gives the corresponding amide. These reactions have 
been carried out with the inactive mandelic acid residue; the 
further conversion of the amide into the mandelonitrile glucoside 
by dehydration and deacetylation has not been proceeded with, as 
Fischer has shown it to be possible with the active tetra-acetyl- 
glucosidomandelic acid amides. 

Attempts have been made to apply these methods to the pre- 
paration of mandelonitrile celloside. The interaction of inactive 
silver mandelate and acetobromocellobiose does, indeed, yield 
hepta-acetylcellosidomandelic acid, but the yield is very small, so 
that this reaction depends more on the nature of the halogenated 
compound than on that of the complex silver salt; the smallness 
of the yield renders it impossible to convert the acid into the 
corresponding acid chloride and amide. Since, however, hepta- 
acetylcellosidomandelic acid is not identical with hepta-acetyl- 
amygdalinic acid, it follows that the non-acetylated acids are not 
identical, and that the sugar of amygdalin cannot be cellobiose; 
the 0-glucosidic nature of the union of the disaccharide in the two 
cases is shown by the fact that hydrolysis is effected by emulsin in 
either case. 

Unsuccessful attempts have been made to induce ethyl mandelate 
and acetobromocellobiose to react, with formation of ethyl hepta- 
acetylcellosidomandelate. Hepta-acetylethylcelloside may, how- 
ever, be obtained from acetobromocellobiose, alcohol, and silver 
oxide, and, on hydrolysis, yields ethylcelloside, which is the first 
alkylcell oside known in the crystalline and pure condition (com- 
pare Skraup and Konig, A., 1901, i, 370; 1902, i, 135). 

j Q-Tetra-ace tyl-d-gl ucosido-dl-mand eloyl chloride, 

C0Cl-CHPh-0-C 6 H 7 0 6 Ac 4 , 

forms aggregates of concentric, colourless needles, m. p. 117 — 119°. 
The corresponding amide, NII 2 ’C0*CHPh , 0 , C 6 H 7 0 5 Ac 4 < crystal- 
lises in aggregates of colourless, concentric needles, m. p. below 
100° after previous s.ntering. 

HeptaracetylceUosido-d\-mandelic acid, 

CO 2 H‘CEFh-O-C 12 H 14 O 10 Ac 7 , 

forms crystals, m. p. 179 — 182°, [a] D about —44°, and does not 
reduce Fehling’s solution. 

Hepta-acetylethylcelloside , C 12 H ]4 0 J(J Ac 7 *0Et. crystallises in 

long, white needles, m. p. 184°, [a] D -24-76° (in chloroform), and 
reduces Fehling’s solution slightly, possibly owing to slight 

contamination. 
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ftlhyhtUoside, C 12 H 21 O 10 *OEt, is "hygroscopic, reduces Fehling’s 
solution in the hot, has [a] D .~ 9*55°, and yields the hept.a- acetyl 
derivative on acetylation. T. H. P. 


The Influence of the Structure of /3-Glucosides on the 
Action] of Emulsin. Emil Fischer (Z clinch. physiol. Chem ., 
1919, 176 — 202). — The action of emulsin on glucosides of glycollic 
acid, o-hydroxybutyric acid, mandelic acid, amygdalic acid, 
cellosidoglycollic acid, their salts, esters, amides, and nitriles, was, 
investigated. The glucosidomandelic acid was prepared from the 
tetra-acetate of the ethyl ester with baryta, and the glucosido-cZ- 
mandelic acid was extracted from the glucosides of d- and 
/.mandelic acid mixture as the quinine salt. The glucosido-d- 
mandelic acid was also extracted as the cinchonine salt from the 
amygdalic acid mixture. C ell osidoyly colHe acid was prepared as 
follows. Ilepta-acetylcellosidoglycollic ester was dissolved with 
crystalline barium hydroxide in water, and the solution kept for 
one and a-half to two days at the ordinary temperature. The 
excess of barium was then removed with sulphuric acid, and the 
cellosidoglycollic acid precipitated as the lead salt, from which, by 
treatment with hydrogen sulphide, the free acid, C ]4 H 24 0 13 , decomp. 
195°, -25*12 — 25’65°, was obtained. The free acids were 

scarcely affected by small quantities of emulsin. The amides, the 
esters, and the nitriles were more easily hydrolysed than the other 
derivatives. The derivatives of glucosido-a-hydroxyzsobutyric acid 
were resistant. The salts and the amide of d-mandelic acid, in 
contradistinction to the /-compounds, were not attacked by the 
enzyme; the methyl ester and nitriles of both, on the other hand, 
were attacked. A half of the theoretical quantity of dextrose was 
obtained by the emulsin hydrolysis of cZ-amygdalic acid. The 
nitrile of cellosidoglycollic acid, unlike the nitrile of glucosido- 
glycollic acid, wa3 hydrolysed into dextrose and hydrocyanic acid. 
In general, it may be concluded that glucosides of phenols and 
phenolcarboxylic acids are degraded with greater ease than 
glucosides of the aliphatic alcohols and acids of a similar structure. 

S. S.-Z. 


Cantharidin. IX. Cantharolic Acid. J. Gadamf.r (Arch. 
Pkarm., 1920, 258 , 171—182. Compare A., 1915, i, 432). — 
Cantharolic acid is isolated as a by-product from the substances 
formed by the action of hydrogen bromide in glacial acetic acid 
solution on cantharidin ; it occurs in the portion which is insoluble 
in ether, together with unchanged cantharidin and cantharic acid, 
from th» latter of which it is separated by taking advantage of its 
very sparing solubility in boiling alcohol. It is an unsymmetrical, 
monobasic acid containing a lactone group and a free hydroxyl 
radicle. Its structure and genetic relationships are indicated by 
the scheme: 
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Cantharolic acid. 


Cantharolic acid crystallises in shining rhombs, m. p. 254 — 25ir 
lo 258 — 260° (decomp.), according to the rate of heating. It if 
very stable towards alkaline permanganate. It behaves toward? 
alkali as a monobasic acid. The presence of the lactone ring is 
demonstrated in the usual manner, and fission is found to be more 
complete than in the case of cantharic acid, but even here the 
process is complicated by the partial decomposition of the acid by 
excess of alkali. The hydroxyl group could not be detected by 
phosphorus trichloride, but the acid is converted by cold concen- 
trated sulphuric acid into the sulphuric ester, which was isolated 
in the form of the barium salt, C 10 II 12 0 8 S B a, 3 H 2 0 . The free sub- 
stance was not obtained, since in aqueous solution it somewhat 
readily undergoes autohydrolysis, with the production oi 
cantharolic acid; the crude material could be resolved into it 
optical antipodes by brucine in aqueous solution, thus yielding 
brucine 1 -cantharolic acid sulphate , C 10 H 14 O s S ; 2C 2 ^H 2G O 4 N. iiI 7HjJ, 
very slender needles, and brucine d -cantharolic acid sulphate. 
Ci 0 Hi 4 O 8 S,2C23H 26 O 4 ]S r 2 ,3H,O, coarse, plate-like needles. The 
brucine salts were converted into the corresponding ammonium 
salts, and from molarimetric analyses of the latter, the values 
[a] D — 67*2° and +67 , 9° are calculated for the free acids in 
aqueous solution. Hydrolysis of the acids occurs slowly in boiling 
aqueous solution, but the cantharolic acid produced is almost com- 
pletely raceinised, the effect appearing, however, not to be due to 
the protracted exposure to a somewhat high temperature, 
Cantharolic acid is converted by hot. concentrated sulphuric acid 
into cantharic acid. 

The resolution of r-cantharolie acid has also been attempted by 
the fractional crystallisation of the brucine salt from water; the 
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most highly active acid obtained had [a] D -31*25° in aqueous solu- 
tion, m. p- 260 — 263° (decomp.). The resolution is remarkable 
in that the salts only separate when the concentrated solutions are 
warmed, thus probably indicating the existence of a soluble 
hydrated and sparingly soluble anhydrous form of the salts, and, 
further, in that all the fractions yield exclusively laevorct atory 
acids- The explanation of the latter phenomenon is found in the 
fact that whilst cantharolic acid itself is asymmetric in structure, 
its hydrate, formed by hydrolysis of the lactone, is symmetrical. 
In aqueous solution, an equilibrium exists between the lactone and 
hvdrate, which is disturbed by the removal of a portion of the 
/-acid as the brucine salt. A portion of the hydrate therefore 
passes into the r-acid, whilst, simultaneously, inactivation of the 
dissolved rZ-acid occurs through formation of the hydrate. In 
this manner, a complete conversion of the r-acid into the /-acid 
can be effected through the symmetrical hydrate. In agreement 
with this explanation, it is found that /-cantharolic. acid becomes 
slowly racemised in aqueous solution, and that the same process 
occurs more rapidly in the presence of an excess of sodium hydr- 
oxide. In addition to r-cantharolic acid, however, another 
optically inactive acid is formed in the latter circumstances, and 
this is produced exclusively when cantharolic acid is heated with 
alkali hydroxide on the water-bath. This acid is amorphous, and 
yields an amorphous calcium salt; analyses, taken in conjunction 
with its mode of formation, indicate that it is 1 : 2-dimethylcyc/o- 
hexadienecarboxylic acid, but its physical properties suggest, that it 
is a polymeride of this substance. H. W. 


Picrotoxin. IX. Degradation of Picrotoxinin by Ozone. . 

Paul Horrmann and IIans Prillwitz (Arch. Fharm 1920, 
258, 200—226). — Further insight into the constitution of picro- 
toxin (compare A., 1916, i, 566, 827) is afforded by the conversion 
of picrotoxinin by ozone into formic acid and a ketone, a-picro- 
toxininone, which, under the action of dilute sulphuric acid or 
concentrated hydrochloric acid, suffers a change similar to that of 
picrotoxin, and yields picrotoxinonic acid. These facts, combined 
with the behaviour of the substance towards nitric acid, lead the 
authors to the conclusion that, (he methylene group iii_ picrotoxin 

is directly united to a ring carbon atom, CH 2 .C<^R(Ci 3 h u o g ) | . 


Picrotoxinin is obtained in good yield from picrotoxin by a 
modification of the method described previously (Meyer and 
Bruger, A., 1899, i. 226; Horrmann. A., 1912, i, 709), and is con- 
verted by ozone in ethyl acetate solution into the corresponding 
ozonide. Fission of the latter to formic acid and a-picrotoxinm- 
one , CftH 14 0 7 , is most conveniently effected by violent, agitation 
with cold water. When rapidly crystallised from hot water, the 
substance separates in shining needles ( - t- H 2 0), and does not 
exhibit a sharp melting cr decomposing point either in the 
hydrated or anhydrous condition. It has — 10 o 6*6^ in 



i. 862 


abstracts of chemical papers. 


alcoholic solution. It behaves as a dilactone with two free hydr- 
oxyl groups. The presence of the ketonic oxygen atom is shown by 
the isolation of a semicarbazwie, colourless leaflets ( -I HoO). which, 
when air-dried, begins to decompose at 230°, when anhydrous at 
224°, but without exhibiting a definite end-point of decomposition, 
and a phenylhydrazone, colourless, silky needles, decomp. 
232 — 248° after discolouring at 225°. In boiling aqueous solu- 
tion, a-picrotoxininone is slowly transformed into fi-picrotoximn- 
one, C 14 H 14 0 7 , which is more conveniently prepared by heating the 
a-derivative under diminished pressure at 195°; this forms long, 
anhydrous needles, which are freely soluble in water, and decom- 
pose sharply and without melting at 252 — 253°. Like the a-com- 
pound, it is a dilactone with two free hydroxyl groups. It has 
[a]; 5 + 83°23' in alcoholic solution, and gives a semicarbazont, 
granular precipitate ( + H„0), which commences to decompose at 
222°, darkens at 240°, and subsequently passes into a product, 
which decomposes above 300°, a phenylhydrazone , pale yellow pre- 
cipitate, which decomposes definitely at 273° when rapidly heated, 
and an oxime, cubic crystals, which decomposes sharply at 255“. 

o- and 0-Picrotoxininone are converted by ice-cold N j 10-aqueous 
potassium hydroxide solution into two different, dicarboxylic acids, 
C u H 18 0 9 , which, however, show little tendency to crystallise. The 
a-acid is characterised by its phenylhydrazone, yellow, amorphous 
precipitate, which decomposes definitely at 220°; the 0-acid wap 
analysed as the silver salt, and as the phenylhydrazone, pale red 
needles, which decompose at 110 -141°. ct-Picrotoxininone is 
transformed by dilute methyl-alcoholic potassium hydroxide solu- 
tion into amorphous substances and picrotoxinonic acid, needles, 
which decompose at 260°, [a]l;' s + 101°4G' in ethyl alcohol (phenyl- 
hydrazine salt of the phenylhydrazone, pale yellow needles, 
decomp. 206—207°), which is identical with the product prepared 
by Ilorrmann and Wachter (A., 1916, i, 827) from the ozonide of 
picrotoxinic acid. The same acid is also obtained by the action 
of boiling dilute sulphuric acid on o- or 0-picrotoxininone, or from 
the former by the prolonged action of cold concentrated hydro- 
chloric acid. 

Picrotoxinin is converted by cold concentrated hydrochloric acid 
into two substances, one of which, amounting to about 50% of the 
material taken, remains undissolved; analyses agree with 
C 15 H 18 0 6 . Two of the oxygen atoms are present in a lactone 
group, since the substance slowly dissolves in warm potassium 
hydroxide solution *1 molecule), and the neutral solution yields 
a silver salt, C 15 H 17 0 7 Ag, when treated with silver nitrate. Its 
other properties, notably its sparing solubility iu practically ah 
the usual media, and its high temperature of decomposition (above 
300°), suggest its identity with picrotoxid prepared by Schmidt 
(A., 1884 , 845) by the action of hydrogen chloride on jflcrotoxm 
in the presence of ether; attempts to prepare material for com- 
parison by Schmidt's method were not, however, successful, 
was not found possible to prepare an acetyl or benzoyl derivative, 
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or to estimate the number of hydroxyl groups. The second sub- 
stance is isolated by extracting the acid solul inn with ether, or by 
evaporating it to dryness in a vacuum ; the yield is not good, and 
the substance has not been obtained in ibe pure stale. When 
dissolved in cold concentrated acetic acid and treated with an 
excess of phenylhydrazine, it gives a diphcnylhydrazone, 
C 26 H m 0 2 N„ 

pale yellow granules, decomp. 163°. jj \y. 

Hydrogenation oi Furfuryl Alcohol and Furfuraldehyde 
to TetrahydroSurfuryl Alcohol. Heinrich Wiexhaus ( Ber ., 1920 
53, [5], 1656 — 1666. Compare Padoa and Ponti, A. ,1907,' 
i, 146; Bourguignon, A., 1908, 1, 280; Pringsheim and Noth, this 
vo!., i, 249).— Furfuryl alcohol is hydrogenated by Paal's method 
in aqueous solution and in the presence of sodium hydroxide 
sufficient to neutralise any liberated hydrogen chloride, or, prefer- 
ably, in the undiluted condition in the presence of' palladised 
charcoal, with the formation ol tetrahydrofurfuryl alcohol colour- 
less liquid, b. p. 85 — 86°/26 mm., 177°/750 mm., DiJ, 1-054, 
Df 1-0544, »* 1-44933, nf 1-45167, nf P45680, nf 1-46138. ■ The 
corresponding. constants of furfuryl alcohol are b. p. 80°/21 mm., 
82— 83°/25 mm., 96°/45 mm., 171°/750 mm., D:* JT31, D; 1-1296 
nf 1-48108, nf 1-48477, nf 1-4931)8, nf 1 -50192' The tetrahydro- 
alcohol does not decolorise bromine dissolved in water or light 
petroleum, is not rapidly oxidised by dilute permanganate solu- 
tion, and does not colour a pine shaving moistened with concen- 
trated hydrochloric acid. Furfuryl alcohol and its tetrahydro- 
derivative are markedly hygroscopic. The latter is most readily 
identified by esterification with pyruvic acid at 100” during two 
hours, fractionation of the product, and conversion of the crude 
ester into its semicarhazone, 

C 4 H 7 0-CH 2 -0-C0-CMe:N-NH-C0-NH 2 , 
colourless leaflets, m. p. 184—186°; a similar method cannot be 
used with furfuryl alcohol, since the mixture is rapidly trans- 
formed, with considerable development of heat, into a dark green, 
plastic mass. Tetrahydrofurfuryl alcohol gives a phenylurethane, 
small crystals, m. p. 61° (the corresponding compound of furfuryl 
alcohol crystallises in colourless needles, m, p. 45°), and a diphenyl- 
urethane, m. p. 81 ff . 

Hydrogenation of furfuraldehyde in the presence ot palladised 
charcoal and without solvent leads chiefly to the formation of 
tetrahydrofurfuryl alcohol. ' H. W. 

Galloflavin. J. Hekzig {Annalen, 1920, 421, 247—282).— 
Tetramethylgalloflavin readily loses one melhoxy-group under the 
influence of alkali hydroxides, and passes into trimelhyli»ogallo- 
avin, which has been shown to contain a carboxyl group and a 
lactone ring. It has now been found possible to degrade the 
substance by a series of comparatively simple reactions to 3:4:5- 
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trimethoxyphthalide, C c H(OMe) 3 <C[ig ^>0 (compare Bargelliai 

and Molina, A., 1912, i, 773), and thus 
CO to prove the presence of the group 

C,H(0H) 2 <“>0 in tsogalloflavin, 


H0 \/\A 

OH CH OCO,H 

\/ 

CO 


After making allowance for the known 
presence of the carboxyl group, the mi- 
due, CjHO, remains, which is accounted 
for by the existence of another ring, thus 
leading to the annexed formula for isogalloflavin. 

[With Elisabeth Eyweling and Hedwig Brunner.}-. 1 Tri- 
methylMogalloflavin decomposes when distilled into carbon dioxide, 
and a substance, C u H 3 0 3 (OMe) 3 , which does not react with diazo 
methane or acetylating agents, and in which the lactone ring is only 
shown to be present with difficulty; under definite conditions of 
successive treatment with methyl-alcoholic aqueous potassium 
hydroxide solution and acid, it is possible to convert it into the 
substance (I), m. p. 74 — 77°; the latter is converted by the further 
actiop of alkali hydroxide and potassium formate into a product 
(II), m. p. 134 — 136°, and this substance is further transformed 
by alkali into 3:4:5-trimethoxyphthalide and potassium acetafe. 


MeO, 

MeOl 


^v/CO,H 
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Me0/\/ 
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;/>CH( 0 H)Ac 
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(II.) 


The possibility of using the tetramethyl/sogalloflavincarboxylic 
acid, m. p. 132 — 135° (compare A., 1910, i, 676), as initial material 
for the study of the degradation of wogalloflavin has been investi 
gated, but its method of preparation is too cumbersome for (his 
purpose; its methyl ester has m. p. 53 — 55^. 

The action of zinc dust and aqueous potassium hydroxide sohi 
tion on wogalloflavin leads to the formation of the two acids. 
C 12 H J0 O 7 and C 10 H 8 O 5 . 

[With Franz Schaffer.]— The dihydroxy-dicarboxylic acid, 
C 12 H 10 O 7 , silvery leaflets, m. p. 191 — 194° (decomp.), which is 
readily oxidised in aqueous solution, is characterised by its con- 
version by diazome'hane into a tetramethyl derivative, m. p. 
101 — 103°, which is hydrolysed to the corresponding dimethoxy- 
dicarboxylic acid , m. p. 200 — 203°; the latter is in part un- 
changed by distillation under greatly reduced pressure, and in 
part transformed into the monocarboxylic acid, 
C 10 II 7 O(OMe) 2 *CO 2 H , 

m. p. 132 — 135° ( methyl ester, oil). The dicarboxylic acid is un- 
affected by acetic anhydride, sodium acetate, and zinc dust. The 
acid, in. p. 191 — 194°, is converted by methyl-alcoholic hydrogen 
chloride into the methyl ester, C U )H li O(OH) 2 (COoMe)|>, m. p- 
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153—156°, which yields the corresponding diacetyl derivative, 
m p. 71 — 73°. The dimethqxydicarboxylio acid is unaffected by 
zinc and potassium hydroxide solution, by the latter alone under 
pressure, and at elevated temperature by treatment with sulphuric 
acid or by oxidation with chromic acid. 

[With Ludmilla Faunas.] — The acid, C l0 H 8 O 5 , could not be 
isolated in the pure condition by reason of its very ready oxidisa- 
bility in solution; the following series of derivatives, however, 
proves it to be a dihydroxymonocarboxylic acid. Tr unethyl com- 
pound (from the acid and methyl sulphate in the presence of 
sodium hydroxide), colourless platelets, m. p. 101 — 103°, which is 
hydrolysed to the corresponding acid, C !J H 5 0(0Me) 2 -CO 2 H J m. p. 
185 — 188°, which distils unchanged under diminished pressure; 
methyl ester, C^HgO^HyCOoMe (from the crude acid and 
inethyl-alcoholic hydrogen chloride), which is very difficult to 
purify, has m. p. 184- -190°, and yields a diacetyl derivative, m. p. 
109 — 112°. The production of these acids is represented by the 
schemes : 


isogalloflavin : 




C0„K 

C H ( COj K ) • CO- C H ,• COjK 


and 
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The action of zinc dust and potassium hydroxide on galloflavin 
proceeds in the same manner, but the yields of t*he reaction pro- 
ducts are much smaller. Attempts to convert the acid 
^i 2 ®io ^7 into CiflHgOj by prolonging the action of zinc and 
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potassium hydroxide on isogalloflavin or on the dihydroxydiearb- 
oxylic acid did not lead to tho desired result. 

[With Karl Trenkle, Marianne Schleiffer, and Elisaseij 
Eyweling.] — The action of acetic anhydride, sodium acetate, and 
zinc dust on t'sogallofiavin and its derivatives follows a somewhat 
complicated course. In these circumstances, isogallofiavin itself 
(which has been shown previously to give a normal triacetyl deriv- 
ative with acetic anhydride and sodium acetate) yields a tetro- 
acetyl compound, m. p. 203—206° (decomp.) after becoming dis- 
coloured from about 180°, and the same substance can also be pus 
pared from triacetylisogalloflavin in similar circumstances. 
Similarly, trimethyhsogalloflavin yields acetyltrimethylisogallo. 
flavin, long, colourless needles, m. p. 138 — 140°. On the other 
hand, the methyl esters of trimethyl- and triacetyl-isogalloflavin 
are unchanged by this treatment, for which the presence of a free 
carboxyl group appears essential. The exact mechanism of the 
reaction has not been fully elucidated. Carbon dioxide is certainly 
eliminated during the process, and it appears probable that the 
acetyl group takes the place of the carboxyl group; on the other 
hand, since the action only occurs in the presence of zinc dust 
(acetic anhydride and zinc acetate do not even cause acetylation 
of the free hydroxyl groups of esogalloflavin), it is possible that 
tho carbonyl group adjacent to the carboxyl radicle is reduced, 
and the secondary alcoholic group is then acetylated. Attempts 
to gain further insight into the action by a study of analogous 
substances do not afford much general information. Thus, 3-Y' 
trimethoxyphthalidecarboxylic acid gave an almost quantitative 
yield of the corresponding phthalide, both in the presence arid 
absence of zinc dust, whilst henzilic acid yielded small quantities 
of /3j8-diphenyIpropionic acid. "With 5 : 6-dimethoxyphthalide- 
carboxylic acid, a more complex change occurs, which does not give 
rise to the formation of the phthalide. 

The presence of a carboxyl group in isogallofiavin is clearly 
demonstrated by its direct conversion into the methyl ester m. p, 
300—305° after previous darkening by methyl-alcoholic hydrogen 
chloride In similar circumstances, gallollavin is absolutely un- 
affected. The conversion ot 


(j{) galloflavin into isogallonavii 

/\ /\ appears to be due to a change 

HO| y O of the type of the benzilic acid 

H \/\/ CH — transformation brought about in 
OH f\\ / \ n/v t t the five-m ember ed ring of the 

\(J(OH) CO t K f orme r by potassium hydroxide. 

yielding the intermediate product, (annexed formula). wb(4 
passes, by loss of water, into isogallofiavin. H. 


D.U, y Y 

ho \/\/ ch -\ c / oh 

0H C ^C(OIl/ ^COjK 


Ring Formation. Karl von Adwerb (Annalen, 1920, 421, 
1 118) —I Wifli Elisabeth Lammf.rhirt.]— In view of the un- 
expected formation of 3 : 6-dimethyl-2 : 3-dihydro-l : 4-benzopyroM, 
m. p. 34-35° (semicarbazone, m. p. 232°), by the action of diethyl- 
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aniline on m-a-bromoisobutyryl-p-cresol (A., 1917, i, 277), the con- 
stitution of the product has been rigidly proved, not only 
synthetically (foe. «£.), but also by its conversion through the 
3.&r<W'0-derivative, crystals, m. p. 70 — 71° (obtained by bromin- 
ation in carbon disulphide solution), into 3:6 -dimethylchromone 

\$;Q-dmethyl-lA‘benzopyront], C e H s Me<^ colourless 

t ' 0 UH 

needles, m. p. 61 — 62°, b. p. 299 — 301°/atin., or 165 — 168°/ 
15 mm., by means of boiling dimethylaniline. 3 : 6-Dimethyl-l : 4- 
benzopyrone, which yields m-propionyl-p-cresol and formic acid by 
boiling with alcoholic sodium ethoxide, has also been prepared by 
condensing m-propionyl-p-cresol and ethyl oxalate by means of 
sodium, heating the oily condensation product, 

OH*C G H 3 Me , CO , CIIMe*CO*CO. i Et, 
with concentrated hydrochloric acid, and eliminating carbon 
dioxide from the resulting 3 : 6-dimethyl-l : 4-benzopyrone-2-carb- 
oxylic acid. 

Contrary to the statement of Auwers and Krollpfeiffer (A., 
1915, i, 442), 3-bromo-6-methyl-2 :3-dihydro-l : 4-benzopyrone is 
converted into 6-methyl-l : 4-benzopyrone by boiling with dimethyl- 
aniline. 

The conversion of ?n-a-bromo7<obutyryl-p-cresol into 3 : 6-di- 
methyl-2 :3-dihydro-l : 4-benzopyrone (see above) must involve the 
intermediate formation of the unsaturated ketone, 
OH-C 6 H 3 Me-CO*CMe:CH 2 . 

In order to ascertain whether the conversion of such unsaturated 
ketones into benzopyrones is a general reaction, the condensation 
ol p-tolyl methyl ether and crotonyl chloride by means of 
aluminium chloride has been examined. The reaction is compli- 
cated, and one or more of five different products may be obtained, 
according to the experimental conditions. It has been established, 
however, that if the ethereal solution of the initial condensation 
product is repeatedly shaken with aqueous sodium hydroxide, three 
products are obtained: (1) the methyl ether of m-crotonyl-p- 
cresol, OMe*C 6 H 3 Me*CO*CIKCHMe (only isolated as the diseini- 
carbazide derivative, 

OMe-CgHgMe-OflN-NlI-CO'NHJ-CH.-CHMe'NH-NH'CO-NH,, 
m. p. 205 — 206°), (2) 2 A-dmeihyl-2:Z-dihydro-l A-benzopyrone, 
ra. p. 54 — 55° ( semicarbazone , m. p. 203°), and (3) 7 -hydroxy-3 :4- 
dimethylhydrindone, whilst if the ethereal solution is directly dis- 
tilled under diminished pressure, the chief product is in -crotonyl- 
p -cresol, OH’C fi H s Me*CO*CH!CHMe, yellow solid, m. p. 65 — 66°, 
which is quantitatively converted into the isomeric 2 : 6-dimethyl- 
2 : 3-dihydro- 1 : 4-benzopyrone by distillation at the ordinary 
pressure (b. p. 277—278°), or by treatment with aqueous sodium 
hydroxide. 

2 : 6-Dimethyl-2 : 3-dihydro-l : 4-benzopyrone has been synthesised 
by condensing fi-chlorobutyryl chloride, b. p. — 53°/ 21 mm., 
with //- tolyl methyl ether, and eliminating hydrogen chloride from 
the resulting m-^-chJorGbatynjl-p-cresol by means of sodium 
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carbonate. By brominatiou, it yields 'A-bromo-'l : 6 -dimethyl -3 3 . 
dihydro-1 A-benzopyrone, in. p. 104 — 105°, which is converted 
into 2 S-dimelhyl-X A-benzopyrone, m. p. 102 — 103°, by boilinp 
with dimethylaniline; the benzopyrone has also been prepared bv 
condensing the methyl ether of m-acetyl-p-cresol with ethyl acetaie 
and boiling the product, OMe'C 6 H 3 Me-C(>CH 1 >'COMe, wit! 
hydriodic acid. 

There is little doubt that the inability of «i-a-bromo/*obulyiyl. 
p-cresol to give a trimethylcoumaranone is due to the pem-dimethyl 
group. That this group does not hinder the formation of a 6 -riiig 
is shown by the following experiments with p-hydroxy-m-tolylij,;. 
butenyl ketone. The reaction in carbon disulphide between equal 
molecular quantities of p-tolyl methyl ether and ^ 8 -dimethyl, 
acrylyl chloride in the presence of aluminium chloride yield! 
different products, according to the conditions. ~(-llydroxy-3-.3\{. 

tnmethylhydrimlone, OH • C 8 H, 2 Me<^^®j^>C H 2 , colourless prisms, 

m. p. 67 — 68 ° (sodium derivative; semicarbazone, needles, m. p. 
201- 202°), is obtained in small quantity. When an ethereal 
solution of the reaction product is shaken with sodium hydroxide 
solution and the resulting oil is treated with semicarbazide, the 
semicarbazone, m. p. 199 — 200°, of 2 : 2 : G-trimethyl-2 : 3-dihydro- 
1 : 4-benzopyrono and m-fi-semkurbazidoisovaleryl-p-cresol, 
OH-CjHjMe-CO-CHj-CMej-NH-NH-CO-NHj, 
in. p. 148 — -149° (to be described elsewhere), are obtained. When 
the reaction product is not treated with sodium hydroxide, the 
principal product is [t-hydru.ry-m-tnlyl iso butenyl ketone, 
OH-C 0 H 3 Me-CO-CH:CMe,, 

sulphur-yellow prisms and needles, m. p. 50 — 50'5°, b, p 
159- — 160°/ 15 min., Df* T0376, n„ T56280, « 0 1-57187 at 53'6 : . 
This ketone is converted into 2:2: 6-trimethyl-2 : 3-dihydro-l :4 
benzopyrone by heating at 277 — 278°, by boiling with diethyl- 
aniline (but not with pyridine), by treatment with dilute sodium 
hydroxide solution or with sodium methoxide solution, or with boil- 
ing absolute alcohol containing a few drops of concentrated hydro- 
chloric (but not dilute sulphuric acid at the ordinary tempera- 
ture) acid. It is reduced in methyl-alcoholic solution by hydrogen 
and colloidal palladium to p-hydroxy-m-lolyl isobutyl kitost 
(semicarbazone, in. p. 204°), reacts additively with hydrogen 
chloride in cold glacial acetic acid to form p-hydroxy-m-tohjl 
fi-chloruisobutyl ketone, OH*C ft H 3 Me*CO*( -HpCMe.Cl, prisms, 
m. p. 53 — 55° (wli'oh is smoothly converted into 2:2: 6 -trimethyl- 
2 : 3-dihydro-l : 4-benzopyrono by sodium hydroxide solution), and 
by bromination in cold carbon disulphide solution yields the 
dibromide, OII'C e H 3 Me , CO-CHBr-C!Me 2 Br, faintly yellow needles, 
m. p. 70 — 71°; this is converted by dilute sodium hydroxide solu- 
tion into 3 -bromo-2 : 2 : 6 -trimethyl-‘2 : 3-dihydro-l : i-benzopyront. 
m. p. 75 — 76°, which is also obtained by the careful bromination 
of the trimethylchromanone. 

The section closes with a comparison of the physical properties 
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ol 6-methyl-, 3:6- and 2 : 6-dimethyl-, and 2 : 2 : 6-lrimethyl- 0 • 3- 
dihydro-1 . 4-benzopyrones, and ot ihe ease of formation of their 
semicarbazones, oximes, p nitrophenylhydrazones, 3-bromo- and 
3 : 3-dibromo-derivatives ; the conversion of the bromo-derivatives 
into benzopyrones, of the dihydrobenzopyrones into dihydrobenzo- 
pyranols by Grignard reagents, and of the last, into benzopyrens is 
also described. Curiously enough, 2 :2 : 6-trimethyldihydroben’zo 
pyrone and magnesium methyl iodide in ethereal solution give 
visible signs of interaction, but, on working up the product, the 
unchanged trimethyldihydrobenzopyrone is obtained. 3:4:6- 
Trimethyl-2 :3-dihydro-l -A-bcmopyranol , 

Stout prisms, m. p. 123—124°, is converted by phosphoric oxide on 
the water-bath into 3:4: <i-lrimethyl-\ s -beiizopyren, 


„ tt „ -CMelCMe 
C oH s Me< 0 _ ■ 




b. p. 135 136°/ 13 mm. 2:4: G-Trimethyldihydrfihetizopyran- 
Ul, prisms, m. p. 89—905°, and 2:4: Urimetkul.lf.hemoBVren 
b. p. 138*5 139*5°/ 25 mm., have been prepared. 

[With H. ScmtTTE.] — Since the facility of formation of 
coumaranones is increased by meta-substituents in the phenolic 
portion of the molecule (Auwers and Pohl, A., 1914, i, 981), 
3:5-dimethylcoumaran-2-one, for example, being the most easily 
formed and the stablest of the coumaranones, it becomes of interest 
to ascertain whether the meta-substitnting methyl groups or the 
(/Mi-dimethyl group in 6-a-bromc«sobutyryl-m-5-xylenol exercises 
the predominating influence when this compound is treated with 
reagents for the removal of hydrogen bromide; in the latter case, 
a tertiary alcohol would be expected, in the former a coumaranone 
or a dihydrobenzopyrone. The only product obtained when equal 
molecular quantities of m-5-xylyl methyl ether and a-bromoHo- 
btityryl bromide are heated with aluminium chloride in carbon 
disulphide solution is 1:1 :3'.5-tetramethylcoumaran-2-one f colour- 
's needles > m - )’• 41—42°, b. p. 1 30°/ 12 mm., Df 2 T0620, 
IV 1 060, n, 1-53765, «„ 1-54359, n., 1-56110, », 1-67820 at 18-2°’ 
Which has also been prepared by methylating l:3:5-lrimethyl- 
coiimaranone with sodamide and methyl iodide in dry ethereal 
solution The compound does not react with semicarbazide or 
fJ-mtrophenylhydrazine, and is only slowly attacked by bromine in 
car on disulphide, yielding i-broifio-l :1 :3 ‘.o-tetraiiiethylcouwuiran- 
oar, silky needles, m. p. 74-5°, which has also been prepared by 
the interaction of ‘2-bromo-m-5-x</h/l methyl ether, m. p. 24 — 25°, 

. P * 'P P -139°/ 20 mm. (obtained by methylating the correspond- 
[ n g xylenol with methyl sulphate), and a-bromoisobutyryl bromide 
111 the presence of aluminium chloride. 4 :6-Dibromo -1 : 1 : 3 :5- 
‘tfimethylcoumaranone , colourless needles, m. p. 151—152°, is 
VOL. CXVUI. i. k k ’ 
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obtained by warming 1:1:3: 5-tetramethylcoumaranone -with 
bromine in glacial acetic acid solution, or by treating it with 
bromine and 2% of aluminium. 

The reaction between m-5-xylyl methyl ether, i.sobiltyryl chloride 
and aluminium chloride in carbon disulphide leads to the form- 
ation of 5-hydroxy-m-6-irylyl isopropyl ketone, 
OH-QJLMe/COPr/*, 

stout prisms, m. p. 93—94°, b. p. 160 — 165°/24 mm., which does 
not form an oxime or a semicarbazone, but yields a p-nitropheio/i. 
hydra ;one, yellow leaflets, m. p. 181—182°, and is converted bt 
bromine in glacial acetic acid, according to the conditions, into 
‘}-bromo-5-hydrory-m-6-,vylyl f)-bromoisopropyl ketone, 
OH-C„HMe,,Bi-CO-CMe 2 Br, 

stout prisms, m. p. 128 129°, or I'A-dibromo-b-hydroxy-m-b^ 
xylyl fi-bromoisopropyl ketone, stout needles, m. p. 154°, each o: 
which is smoothly converted into the corresponding broininatee 
coumaranone by aqueous sodium hydroxide or boiling diethyl 
aniline. 

m-5-Xylyl methyl ether, butyryl chloride, and aluminium 
chloride react in carbon disulphide solution to give o-liythuy 
m-6 -xylyl propyl ketone, OII-C 6 H,.M<yCOPr*, stout prisms, m. p. 
58—59°, and its methyl ether, b. p. 162°/ 16 mm., the latter beinj 
obtained even when an excess of aluminium chloride is used. The 
hydroxy -ketone does not react with hydroxylamine or semiearb- 
azide, but forms a p-e it ro ph toy! hyd ranine, yellow crystals, imp 
162 — 162-5°. The acetate, b. p. 173 — 175°/12 mm., by treatment 
with bromine (1 mol.) in carbon disulphide, yields 5-acefo.tj- 
m-6- xylyl a- bro mo propyl ketone, OAc’CgH^MeyCO'CHBrEt, in. p. 
36-5_38-5° which is converted by hot aqueous-alcoholic sodium 
hydroxide into 3 : 5-dimethyl-l-ethylcoumaranone (see follow? 
section). When 5-hydroxy-»/-6-xylyl propyl ketone is brominatei 
in the same way as its acetate, the product is 2-bromo-b-hydnn 
m-6 -xylyl propyl ketone, leaflets, m. p. 108—109°, but when tw 
and three molecules of bromine are used, the product is 2 -firotta 
b-hyilro.ty-m-6-rylyl a-brotnopropyl ketone, m. p. 112 5 1135 

and 2 : i-dibromo-h-hydroxy-m-b-xyhjl a-bromopropyl keiat 
colourless needles, m. p. 124—125°, respectively. 2-Bromo-J- 
hydroxy-m-6-xylyl propyl ketone has also been prepared Iron 
2-brouio-m-o-xylyl methyl ether, butyryl chloride, and aluuunw 
chloride, a rema'kable by-product of the reaction being , 
brorno-m-5-xylyl methyl ether, p. 108-109° (also prepared W 
methylating the dibromoxylenol). . 

i-Bromo-3 : b-dhnethyl-l-ethylcoumaranone, flattened pr® ■■ 
m. p. 60 -61°, is smoothly obtained by treating an acetone solu- 
tion of 2 bromo-. r i-hydroxy-m-6-xyly! a-bromopropyl ketone « 
aqueous sodium hydroxide ; by bromiiiation in carbon disulp 

it yields 1 ■A-dibromo-3:b-dimethyhl-ethyleoumaranone, m- r 
44. 45O 

[With R. Doll.]— The object of this section is to ascertain 
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whether uusaturated hydroxy-ketones of the 
,Me CO annexed type yield coumaranoncs or dihydro- 

/\/\ pH benzopyrenes by treatment with ring-forming 

Mel l0H H a g™ts. 

\/ CHR The reaction between m-5-xylyl methyl 
ether, crotonyl chloride, and aluminium 
chloride in carbon disulphide leads to the formation of 2:5:7- 

triiiut!ii/!-'2:3-iIihy<irobenzopyrone, Ci-Hjlle.,^ 0 9^ , silky, 

needles, m. p. 66—67°, b. p. 172— 174°/23 mm. (scmkvrbiuwic, 
m. p. 219 — 220° [decomp, J ; p-mtroplienylliyikinoiie, orange-red 
needles, in. p. 230-— 231°); no (race of a coumaranone could be 
discovered, although thorough search was made. 3 -.o-Dimethyl- 
l-elhyteouinaranone, b. p. 152— 154°/ 18 mm., Df s 1 0667, 
it, 1-53689, fl D 1-54240, n f 1-55907, n r 1-57403 at 20-5°, is pre- 
pared by treating m-5-xylyl methyl ether and ct-bromobutyryl 
bromide with aluminium chloride in carbon disulphide solution, 
and shaking the resulting bromobutyroxylenol with aqueous 
methyl-alcoholic potassium hydroxide; the coumaranone must be 

purified through its acetate, C ',1 1 ,51 b. p, 

175 — 179°/23 mm., obtained by digesting it with acetyl chloride. 
The coumaranone does not react with semicarbazide under the 
usual conditions, and is converted by p-nitrophenylhydrazine into 
the pp ’-dmitro-omione. of 5-hydroxy-rn-6-xylyl ethyl diketone, 

0H-0 # H 2 Meo-C(:N-NH-C ri H,-N0,)-CEt:N-NH-C c U 4 -N0 2 , orange- 
red crystals, m. p, 246°. 

Under the iniluence of aluminium chloride, m-5-xylyl methyl 
ether and dimethylacrylyl chloride ill carbon disulphide yield 
2:2 : 5 : 1 -1 tiramtihyl-2 : 3-ilihydro-l :4 -bcnzopyrvne, stout prisms, 
m. p. 71 — 72°, b. p. 163 — 166°/ 17 mm. ( semicarbazone , needles, 
m. p. 198 — 199°; \MiUrophetvjlhydrazone, stout, brick-red prisms, 
m. p. 210 — 211°); absence of 3:5-dimethyl-\-isapropylt:»umarimtmc 
among the by-products was not definitely ascertained. This 
coumaranone, b. p. 156°/ 20 mm., D;" 1 1 0472, »„ 1-53396, 
v l( 1 *53955, n ,, 1*55610, it 1 '57256 at. 21'0°. was prepared from 
ia-5-xylyl methyl ether and a-bromo/sovaleryl bromide in the usual 
way. 

By warming an alcoholic solution of benzaldehyde and 4-hydr- 
oxy-wi-tolyl methyl ketone with 50% sodium hydroxide at 50° for 
many hours, and acidifying the resulting sodium salt, 4 -hydroxy- 
ill -tolyl styryl ketone, OH-C 0 H.Me-CO-CH;CHPh, stout, orange, 
apparently rhombic crystals, m. p. 111°, is obtained, which 
evidently is not convertible into a bicyclic compound by alkali ; 
by variations from the conditions of preparation mentioned above, 
however, 6-methylflavonone is formed in place of, or together 
with, the ketone. The ketone forms a dibromide, pale yellow, 
hexagonal prisms, m. p. 151 — 152°, which in warm alcoholic solu- 
tion is easily converted into S-bromo-S-methjlflavanone, colourless 
leaflets, m. p. 130°, by .V. 1 0 , sodium hydroxide. 


k k 2 
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The conversion of an o-hydroxy-ketone with an unsaturated side- 
chain into a bicyclic compound by alkali may be represented bv 
the scheme : 


R< 


co— on 

OH CHR' 




co— oh 2 

OH CHR'-OH 




CO-CH, 
0— CHR' 


the intermediate compound being unstable in the presence of 
alkali. An unsuccessful attempt to prepare such a compound has 
been made. i-IIydroxy-m-tolyl (S-chloropropyl ketone, 
OH-C 6 H s Me-CO-CII 2 -CHMeCl, 

colourless needles, m. p. G6 — 67°, prepared from the unsaturated 
ketone and hydrogen chloride in glacial acetic acid at 0°, forms an 
acetate, prisms, m. p. 86 — 87° (which is best prepared, however, 
by heating the unsaturaled ketone with acetyl chloride at 100° in 
a sealed tube), in which, however, all attempts to replace the 
chlorine atom by an acetoxy -group failed. 

The paper closes with a review of the most important results 
recorded in the three preceding sections and in thirteen papers 
published during the last six years in connexion with the form- 
ation of coumaranones, dihydrobenzopyrones, and hydruxy- 
hydrindones. C, S. 


The Chelidonium Alkaloids. II. [Quantitative Estima- 
tion of the Methylenedioxy group in Alkaloids.] 

J. Gadamer (Arch. Pharm., 1320, 258, 148—167. Compare this 
vo)., i, 75).— The first part of the communication is devoted to j 
full description of the experimental evidence on which the author 
bases his formula for rd/ocryptopine, a preliminary announcement 
of which has been made previously (!oc. cit.). offoCryptopine is 
converted by phosphoryl chloride into iso«/iocryptopine chloride- 
colourless needles, m. p. 200 -202°, which immediately develop s 
dark violet coloration with concentrated sulphuric acid, and this 
is identical in all respects (the mixture has m. p. 193—202°) with 
the product obtained by the action of potassium chloride on di- 
hydroberberine methosulphate; further, isoall ocryptopine chloride 
is transformed by silver methyl sulphate into a product, m. p- 
195—198° which is identical with dihydroberberine methp- 
sulphate, in. p. 197-200° (Perkin, T, 1916, 109, 834). Again, 
rdlocryptopine is reduced by sodium amalgam in sulphuric acid 
solution to dihydrou/ / ocryptopine, m. p. 167—168°, which is con- 
verted by phospi oryl chloride into Modihydroaflocryptopiiie 
chloride* m. p. 248—250° (dccomp.), which is identical with tetra- 
hydroberberine methochloride, m. p. 249—251° (deconip.), and 
the identity of the compounds is confirmed by comparison of their 
bromides. 

When the O-acetyl derivative of chelidonme is oxidised 
mercuric acetate, a colourless, non-basio substance is obtains , 
which, particularly in acid solution, gradually acquires an m ense y 
reddish-yellow coloration and basic properties. Its behaviour 
thus strikingly analogous to that of dihydrochelerythnne desern 
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by Karrer (A., 1917, i, 349). Chelerythrine itself can, however, 
scarcely be directly related to elielidonine, but appears to be closely 
allied to o-homochelidonine. A preliminary examination of the 
subject reveals the following facts. Chelerythrine contains two 
raethoxy- and one methylenedioxy-gvoups. A keto-group cannot, 
therefore, be present, and the reactions considered by Karrer to be 
due to the carbonyl group are to be regarded as occurring in the 
same manner as with eotaniine and berberine. Karrer's assump. 
lion of the elimination of a chain, C ; H 5 0, in the formation of 
chelalbin compounds is highly improbable, and in this connexion 
it is to be noted that berberine yields additive compounds with 
Grignard’s reagents. In its salts, chelerythrine is a quaternary 
base, the properties of which are due to the nitrogen atom (and 
not to basic oxygen, as postulated by Karrer). The free 
ammonium base appears incapable of existence; when the salts 
are treated with alkali, it immediately passes into tile colourless 
carbmol base. It is extremely probable that an analogue of 
chelerythrine exists in nature which forms a chloride 
C, 0 H 14 O 4 NCT, 

differing from sanguinarine chloride, C,„H M 0 4 NC1. b y contain- 
ing two less hydrogen atoms, and it ’appears to have been 
occasional y mistaken for the latter. The substance ultimately 

obtained from O-acetylhomochelidonine has m. p 160 1 6*7° and 

is identical with dihydrochelerytlirine obtained by Karrer's method 
from an authentic specimen of chelerythine (Karrer gives m. p. 
143—144°, but his product is shown to be contaminated with 
impurities present, in Merck's preparation from Samminaria 
mnadenm), ihe identity of the products is further established 
by the fact that the material from either source becomes oxidised 
on exposure to air to chelerythrine, which is identified as the 
cyanide, m. p, -58° (for which Karrer gives varying melting 
points), ' ° 


[With Winterfet.d.] Under the action of concentrated 
>uiphimc acid, substances containing the inelhylenedioxy-group 
readily lose formaldehyde, which is capable of further condensa- 
tijm; its action on phloroglucino! has been adapted by 
Weber and Tollens to the qualitative detection and quantitative 
estimation of the methylenedioxy-group, and the reaction has 
been occasionaUy applied to alkaloids (see, for example, Gaebel, 
A, 1910, i, 502), with which, however, it does not give very definite 
results. The method has been investigated further, and the follow- 
ing process is recommended. Pure phloroglucinol (0 3 gram) is 
dissolved in a warm mixture of wafer (15 c.c.) and concentrated 
in phuric acid (15 c.c.), and the weighed quantity of alkaloid dis- 
so ved in water (5 c.c.) is added. The mixture is shaken until a 
C e j" , so ll ^ on * s obtained, and treated with concentrated sulphuric 
aci ° (10 c.c.). The flask is closed with a funnel and heated over 
* ] re gauze until the solution boils gently and a precipitate begins 
*? fo ™- It is then warmed in the water-bath at 70—80° for 
ree hours. After twenty-four hours, the precipitate is filtered 
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through a Gooch crucible, washed with water (60 c.c.), dried at 
100° for four hours, and weighed. The weight of phloroglucide 
divided by 9'857 gives the amount of methylene, CIL. The 
method has several sources of error, and should therefore be 
effected with differing amounts of alkaloid and occasional blank 
experiments. The results are to be regarded as minimal values. 
The markedly low values are due to the fact that the eliminated 
formaldehyde only combines in part with the phloroglucinol to 
yield an insoluble phloroglucide, whilst another portion combines 
with the alkaloid or with alkaloid and phloroglucinol. The basis 
substances naturally remain dissolved in the acid, but may be 
partly precipitated when the latter is diluted with water (the 
precipitate should therefore be thoroughly drained before washing 
is commenced). The frequent observation during the examination 
of the colour reactions of alkaloids with concentrated sulphuric 
acid, that the mixture becomes turbid on exposure to moisture (for 
example, with bulbocapnine), thus receives its explanation. In 
general, the method is sufficiently accurate to allow a decision as 
to whether one or two methyl enedioxy-groups are present. Two 
such groups are thus shown to be contained in chelidonine, con. 
cavine and corycavamine, and one in eorycavidine, II. W, 

Chelerythrine. K. Hugo Bauf.r and IC. Th. Hedinokr ( Arch , 
Pharm., 1920, 258, 1G7 — 170). — For (he preparation of the 
alkaloid [colourless, prismatic leaflets from alcohol ( + EtOH) 
m. p. 207°], the total alkaloids from the Snnffuinarm foot are mixed 
with milk of lime, the product is dried, and extracted with i 
mixture of equal parts of ether and benzene. The alkaloids art 
removed from the extract with citric acid, and subsequently pre- 
cipitated with ammonia, and again dissolved in benzene. Tilt 
residue obtained after removal of the latter is repeatedly crystal- 
lised from ethyl alcohol. The following salts have been prepared 
hydrochloride, C 2I H 1; 0 4 N,HC1,H.0, egg-yellow needles (compart 
Schmidt, Konig, and Tietz, A., 1893. i, 496; Fischer, A., 1901, 
i, 742 ; Karrer, A., 1917, i, 349); hydrioditle , anhydrous, dark red 
needles, which become pale brown at 150 — 160°; tartrate, 
anhydrous, dark red crystals arranged in rosettes; oxalate, reddish- 
yellow needles; methyl eulyhate,, C J! H i; O 4 N, l 2MeoSO4,3Me0n. 
short, golden-yellow needles. Contrary to the observation of Tietz. 
chelerythrine hyd*-iodide or hydrochloride does not evolve methyl 
iodide when treated with hydriodic acid at a temperature belor 
125°, and hence the alkaloid does not contain a methoxy-grotif 
On the other hand, evolution of methyl iodide is observed at Ha’ 
and again at 275° in the estimation of the methylimino-groups n 
the hydriodide (at 165° and 245°, respectively, with the hydra- 
chloride), thus indicating the presence of the NMe, group. 

Chelerythrine absorbs two atoms of hydrogen when catalytic*!" 
hydrogenated in the presence of colloidal palladium, but the pre- 

duct lias not. yet been obtained in the pure state. 

- TJ W 
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Oxidation of Quinine with Hydrogen Peroxide. 

liXiiniLiAif Nierenstein ( Bioehem . ,/., 1920, 14, 572 — 573).— 
\, n examination of the oxidation products resulted only in the 
solation of quitenine, although a very careful search was made 
or hamoquinic acid (compare A., 1919, i, 236; this vol., ii, 456). 

J. C. D. 


The Transformations of Cinchonine. E. Jungfleiscii and 
5. I, EGER (Atm. Chim., 1920, fix], 14. 59—128, 129 -188).— A 
•esunie of work already published (A., 1888, 380, 507, 612, 729, 
169; 1889, 906; 1891, 1121; 1892, 222, 1253; 1893, i, 679 ; 1894, 
262, 351 ; 1895, i, 310, 404; 1901, i, 287. 338; 1918, i, 121, 
182, 232, 304; 1919, i, 170, 451, 597). W. G. 


Syntheses of Inactive Ephedrine or i^-Ephedrine. 

iiGt'ST Eberhardt (Arch. Pliarm., 1920, 258, 97 -129). — Basing 
lis experiments on the formula OH-CHPh-CIIMe-NHMe pro- 
ved by Schmidt for the alkaloids, the author has succeeded in 
iynthesising inactive ephedrine and ip-ephedrine (which have not 
up to the present been obtained from the natural active bases) in 
such quantity that their resolution can now be studied; the method 
finally adopted is an improvement of that proposed by Schmidt 
and Calliess (A., 1911, i, 742). 

.1 [ethylation of Phenyl a-.-l minoethyl Ketonr or J'henylamino- 
rthijlcnrbinol. — Phcnylaminoethylcarbinol hydrochloride is slowly 
converted by methyl sulphate at 100° into a substance., shining 
needles and leaflets, m. p. 244°, which appears to have the con- 
, , , , , CHPlrCHMc-NH, 

stitiltion indicated by the formula ^ ^ ( ( ", and to be 


analogous to the products obtained by Schmidt (A.. 1914, i, 989) 
by the action of sulphuric acid on ephedrine and silver sulphate 
on i/'-ephedrine. Various attempts to methylate the free base with 
methyl sulphate are described, which, however, are either com- 
pletely unsuccessful or yield such small amounts of methylated 
substance that its identity cannot be established. Similarly, the 
action of methyl sulphate on phenyl a-aminoetliyl ketone proceeds 
very indefinitely, but does not. give rise to a betaine-like deriv- 


ative, for the formation of which the presence of a hydroxyl group 
in the parent molecule appears to he necessary. Phenylamino- 
ethylearbinol hydrochloride is unaffected by methyl alcohol at 
170- — 180°. The main product of the action of methyl iodide on 
phenyl a-aminoelhyl ketone is diphenyldimethylpyrazine, needles, 
m. p. 125°, the decomposition of the ketone proceeding far more 
rapidly than its methylalion ; the substance is further identified 
by conversion into its unstable hydrochloride, platinichloride, 
aurichlorith, yellow leaflets, m. p. 115°, mcrcuriehlorith , plates 
and flat needles, m. p. 193—195° after softening at 180°, and its 
compound with silver nitrate, f ',.11 AgNO. slender, shining 
needles, m. p. 247° (decomp.). Methyl iodide appears to be 
without action on the acetyl derivative of phenylaminoethyl- 
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carbinol or on mono- or di-benzoylphenylaminoethylcarbinols [the 
latter has m. p. 165° instead of 162°, recorded previously (A„ 
1917, i, 392), and yields a hydrochloride . , needles, m. p. 203° after 
previous softening]. A satisfactory methylation could not be 
effected by the action of formaldehyde on phenylaminoethyl- 
carbinol hydrochloride. Phenyl a-aminoethyl ketone does not 
react readily with benzaldehyde, whilst the product obtained front 
phenylaminoethylcarbinol under similar conditions could not be 
causwl to crystallise; treatment of the crude product with methyl 
iodide, however, gave a small quantity of phenylmethylamino- 
ethylcarbinol hydriodide, plates, m. p. 169 — 170°, which was 
further characterised by its conversion into the corresponding 
aurichloride, m. p. 111-5° after softening at 108°. 

Syntheses from Meth/Inmine and Phenyl Bromoethyl Ketone.— 
o-Methylaminopropiophenone is more conveniently prepared from 
methylamine and phenyl bromoethyl ketone in absolute alcoholic 
solution than in benzene solution, as previously described (A.. 
1915, i, 834), and is isolated as (lie hydrochloride; the latter is 
readily reduced by hydrogen under slight pressure in the presence 
of palladinised charcoal to phenyi-a-methylaminoethylcarbiro!, 
m. p. 114°, the process being much preferable to the reduction 
with sodium amalgam described previously ( loc . cit.); the hydro- 
chloride thus obtained differs from the former compound in its 
higher melting point, 187° instead of 181 — 182°, and its more 
sparing solubility. It is further found that, in addition to the 
compound, m. p. 114°, an isomeric substance, slender needles, 
m. p. 76°, also exists, and these are provisionally termed base h 
and base .4. They yield, respectively, the hydrochlorides, readily 
soluble, ill-defined crystals, m. p. 158 — 161°, and colourless 
rhombic plates, m. p. 187°; aurichlorides, flat needles, m. p, 
115 — 116°, and then yellow plates or golden-yellow lamella, m. p. 
115°; ■platinkhlorides, reddish-yellow crusts, m. p, 177° (decomp,), 
and yellowish-red rosettes, m. p. 183° (decomp.); dibenzoyl deriv- 
atives, coarse, colourless crystals, in. p. 118 — 119°, and colourless 
rods, m. p. 114 — 115°. The acetyl derivative from either isomeride 
is oily, but yields a crystalline hydrochloride, coleurless plates, 
m. p. 165 — 167°. 

The synthetic compounds, their salts, and derivatives show great 
similarity to the natural bases, both in appearance and melting 
point, which is particularly noticeable in the case of the B - base 
and i[ ephedrine. The bases A and B exhibit an interconverti- 
bility which is precisely similar to that of ephedrine and 
i^-ephedrine. This can be partly effected by hydrochloric acid at 
the ordinary pressure, but more readily at higher temperature and 
under increased pressure, whilst the base A is completely converted 
into base B by acetylation— an action which is not observed during 
benzoylation. Transformation does not take place when base -1 
is heated alone in the presence of alkali or of a number of solvents; 
with chloroform, the hydrochloride is formed as a result of the 
decomposition of the solvent. H. W- 
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Alkylation oJ Phenols with Benzenesulphonic Esters. 
Certain New Morphine Ethers. Zoltan Foldi ( Ber ., 1920 ', 
53, [B], 1839— 1847). -The use of arylsulphonic esters for the 
conversion of phenols into ethers has been recommended by 
Ullmann and Wenner (A., 1903, i, 407), but the optimal condi- 
tions for the reaction, and (he influence on it of the presence of 
substituents in the phenol, do not appear lo have been studied 
extensively. The author has therefore performed a series of ex- 
periments in which the phenol is generally dissolved in ethyl or 
amyl alcohol, treated with a solution of the calculated amount, of 
sodium in one of these media, and the product is heated to boil- 
ing with the arylsul phony 1 ester. The yields usually approximate 
to those theoretically possible, and since the alkylating agent is 
readily prepared (compare this vol., i, 838), Ihe process appears 
capable of extended application. Alkylation occurs most readily 
with allyl benzenesulphouate, whilst the halogenatec! alkyl esters 
react considerably more slowly than the corresponding unsubsti- 
tuted compounds. In general, it appears that the most easily 
saponifiable esters have the greatest alkylating action, With 
regard to substituents in the phenolic group, the same rule is 
applicable as in the case of alkylation with methyl sulphate; 
the presence of negative substituents hinders the reaction, 
but the effect is less marked with para- than with ortho-sub- 
stituents. 

The following ethers have not been described previously : 
o-c,Morophenyl allyl, ether , colourless oil, b, p. 1 18 — 1 20°/ 18 mm., 
Df 1-133; catee.hyl diallyl ether, pale yellow, mobile oil, b, p. 
140 — 145°/ 17 mm., 136 — 1 39°/ 14 mm., D 1 ;’ T011; catechol mono- 
nlhjl ether, pale yellow, mobile liquid, b. p. 110°/12 mm., 
I):' 1-091; ally! morphine, colourless crystals ( + i)H,0), m. p. 
67—58° [hydrochloride ( + 111,0), m. p. 128— 129° “when rapidly, 
130 — 132° when slowly heated, or anhydrous, m. p. 152 — 153°, 
[a]» -85-69° in aqueous solution ; hydriodide, pale yellow, anhydrous 
crystals, m. p. 225 — 226°; normal sulphate , colourless needles 
( + 3H 2 0), m. p. 167 — 168°, or anhydrous, m. p. 172 — 173°; 
hydrogen sulphate, m. p. 202 — 203°; normal phosphate, brownish- 
yellow powder, m. p. 100°, which, when crystallised from alcohol 
with addition of acetone and ether, passes into the dihydrotjen phos- 
phate, m. p. 186°; normal oxalate., m. p. 123° and 202 — 203° 
(after re-solidification)]; morphine li-chlaruelhyl ether, colourless 
crystals, m, p, 75 — 76° ( + 111,0), 118 — 120° (anhydrous) [hydro- 
'• hhri.de , m. p. 150—151° "( + H,0), 166—168° (anhydrous); 
hyiriodide, yellow crystals, m. p. 212 — 213°; norma! sulphate, 
needles, m. p. 115 — 120° (effervescence), and subsequently 
235 — 240° (decomp.); dihydrotjen phosphate , coarse crystals, m. p. 
about 110° (effervescence); normal oxalate, slender needles, m. p. 
85 — 87° | ; morphine, fi-bromoethyl ether , in. p. 135 — 136° (efferves- 
cence), and subsequently 185 — 187°, is prepared in poor yield; 
attempts to prepare pure morphine flfi'-dii-hforoisoprojtyl ether 
were, as expected, unsuccessful. H. W. 

h k * 
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The Constitution of Surinamine. E. Winterstein (Zeitsc\ 
physiol. Chem., 1919, ,107, 314 — 315. Compare A., 1919, 
i, 415 ). — The author points out the advantage of preparing 
surinamine by E. Fischer and W. Lipschitz’s method from tyrosine 

S. S. 1. 

Modification of Skraup's Quinoline Synthesis. Edward 
de Barry Barnett {Chem. News, 1920, 121 , 205 — 206). — By a 
modification of Skraup’s quinoline synthesis, using the aniline and 
glycerol in approximately equimolecular proportions, and calcined 
ferric oxide instead of nitrobenzene or arsenic acid as oxidising 
agent, yields of 40 — 50% of the theoretical, calculated on both 
aniline and glycerol, were obtained. Increasing the pro- 
portion of glycerol did not materially improve the yield of 
quinoline, and it seems probable that the comparatively low yield 
is due more to the destruction of the aniline by the oxidising agent 
than to the decomposition of the glycerol, as neither the addition 
of boric acid nor the employment, of diluted sulphuric acid or a 
lower temperature appreciably altered the course of the reaction. 
A 60% yield of quinoline was, however, obtained by mixing 
50 grams of aniline, 65 grams of glycerol, and 100 grams of ferric 
oxide, and adding the mixture rapidly to 150 c.c. of sulphuric 
acid in an open dish. After keeping for half an hour, the pro- 
duct was worked up in the usual way. The possibility of adapting 
a catalytic process to the synthesis by using a small quantity ol 
ferric oxide, cr stannic sulphate and oxygen gas under pressure is 
discussed, and indications were obtained that on a large scale the 
process might be successful. G. F. M. 

Completely Methylated Quinic Acid. J. Herzig and 
Hedwig Ortony (Arch. Phnrm., 1920, 258 , 91 — 96). — Excep- 
tional difficulties have previously been encountered in methylating 
quinic acid; it is now found, however, that it is slowly converted 
into methyl tefrnmethyhjuinate, rhombic crystals, a : 5 : c =0*6741 : 
1:0*5960, m. p. 56 — 58°, |a] n -18’5° in benzene solution, by 
repeated treatment, with methyl iodide and silver oxide; the ester 
decomposes to some extent when distilled in a vacuum. Attempt? 
to hydrolyse it by alkali or by aqueous hydrochloric acid did not 
proceed smoothly, a portion of the ester remaining unattacked, 
whilst another portion lost the ethereal methoxy-groups to a greater 
or less extent. Oxidation with chromic acid in acetic acid solution, 
or with , potassium permanganate in alkaline solution, yields a 
mixture of unchangt. 1 ester and highly oxidised substances. It is 
not readily dehydrogenated by iodine. Attempts to effect methyl- 
ation with methyl iodide and methyl alcohol in the presence or 
absence of a little copper or gold were not more successful. The 
action of diazomethane is rapid at first, but subsequently very slovr. 
so that the preparation of a completely methylated product in this 
manner is very difficult, if at all possible. 

The application of Purdie’s method to other cases of difficult 
methylation has also been investigated. 2:4: 6-TrihydroXj- 
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J : 1 : 2 : 3:3:1 :5 :5 : 6-nonamethy)r>/ofohexane (Herzig ami Erlhal, 
A., 19H> i. 778 ) is fa > r ly readily converted into a monomethoxy- 
derivative (which could not be isolated in the pure state, owing to 
lack of material), but a further marked increase in the methoxy- 
conlent is not effected by eleven successive treatments of the pro- 
duct with methyl iodide and silver oxide. Quereitol could not be 
methylated under widely varied conditions. 

It. does not appear possible to replace the silver oxide by lead 
oxide. IT. W. 

Preparation of Diary Idialkylcarbamides. Fadriques dr 
Phoduits de Cihmie Oroanique of. Laire (D.R.-P. 323534; from 
t'hrm. Zentr.j 1920, iv, 437 -438). — The carbamyl chloride 
obtained from alkylated w-(oluidine is brought into reaction with 
an alkylated aryl amine or alkylated o-toluidine, and is caused lo 
react with the carbamyl chloride derived from another alkyl aryl 
amine. Thus, carbonyl chloride and ethylaniline yield / ihniyl - 
ethyl carbarn yl chloride, NPhEt-COCl, in. p. about 50°. which, with 
methyl-o-toluidine, gives a-phenyl-/3-o-tolyl-(i-methyl-a-c(hyloarb- 
amide, N E t Ph • CO ’ N M e ■ C fi H , M e , b. p. 180- -190° 20 22 mm., 
210 — 220°/30 — 32 mm., and miscible in all proportions with the 
common organic solvents and with collodion. Similarly, phenyl- 
methylearbamyl chloride, m. p. 88°, and ethyl-u-loluidiue give 
a- phcil yl-fi-o-t ol yl-a-m (f h ,//-.8-,7/i //I'-aibitmide, 
NMcPh’CO-NEt'CflljMe. 

I), p. 212 220°/25 — 27 mm. Di-o-toh/lmethylethykarbdiiiide, 
('ulljMe'NEt’CO’NMe'CfHjife, from o tolylethylcarbamyl chloride 
and methyl-o-toluidine, has m. p. 40 42°, b. p. 205 — 215°/ 
23 mm. Tile carbamides absorb nilrous fumes, and are expected 
to find application as binding agents for nitrocellulose in the 
preparation of explosives and celluloid. H. W. 

Preparation o! an Arylcarbamide. J. 1). Uiedki, Akt.-Gks,, 
(D.R.-P. 323298; from Chem. Zentr., 1920, iv, 437).- -Ethylene 
chlorohydrin is allowed to react with p-nitrophenol, and the pro- 
duct,, after being reduced to the corresponding amine, is trans- 
formed into the carbamide in the usual manner. p-X it ro phenyl 
hydro, ryethyl ether crystallises in pale yellow needles, m. p. 
94 — 95°. p.l minophenyl hydro ryethyl ether hydrochloride , 
needles, m. p. 204- 205°, is converted by aqueous potassium 
cyanate into the corresponding carbamide, m. p. 159 — 160°. 

II. IV. 

The Action ol Pyrrolidonecarboxyl Chloride on Leucine 
Ethyl Eater. Emil Abdkrha.ldkm and Han'S Spinxkr (Zeitsch. 
physiol. Chem., 1919, 107, 1 — 6). — The pyrrolidonecarboxyl 

leucine ester described by Abderhalden and Wunn (A., 1913, 
b 90) is found to be a mixture. The pure ester was prepared by 
treating a chloroform solution of f//-leuci»e ethyl ester with 
(//-pyrrolidonecarboxyl chloride. After distilling off the chloro- 

k k* 2 
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form, the syrup was extracted with absolute alcohol, and (J, 
chlorine removed by addfcg a calculated quantity of sodium and 
precipitating with alcohol. The filtrate was evaporated in , 
vacuum at 35 — 40°, and extracted with light petroleum. Xh e 
residue was then dissolved in ethyl acetate. This solution, on con 
centration, yielded small, colourless needles, which, on purification, 
was found to be ghitaminyl leucine ethyl ester , m. n 

120 — 122°. The filtrate, on being further concentrated, yielded 
an orange-red syrup and oblong leaflets. The syrup was extracts] 
with ether, and the leaflets were collected and found to 
pyrrol idonecarboxyl leucine ethyl ester, CuH^O^, m, p 
147 — 148°. \-Leiinue methyl ester was prepared by treatinj 
/-leucine ([a],, + 15-83°) suspended in methyl alcohol with hydroget 
chloride, and then boiling for half an hour. The methyl alcohol 
was removed by distillation in a vacuum, and the residue dissolve; 
in water. The aqueous solid ion was then extracted with ether it 
the presence of sodium hydroxide, and from the extract, aftei 
removal of the ether, the ester remained, b. p. 79 — 79’5°/12 tuns 
D 11 0-9533, [o]'J +16-52°. S. 8. 1. 


Organic Disulphides. Fritz vox Konek ( Ber 1920, 53, [j: 
1666 — 1671). — In connexion with Lecher’s recent communication 
on the valency problem of sulphur (this vol., i, 433), the author 
gives a more extended account of antipyrine and homoantipyrim 
(l-phenyl-3-methyl-2-ethylpyrazolone) disulphides, a short uotiet 
of which has appeared previously (A., 1911, i. 505). Although 
no new experimental evidence is adduced, the constitution of tin 
compounds has become more obvious in the light of more recem 
research, and they are new regarded as symmetrical disulphide 
The readiness with which they react with mercury when dissolved 
in chloroform and yield mercaptides is, however, very remark!*, 
particularly as Lecher has found that the various disulphide 
examined by him have but little tendency to dissociate infi 
radicles, even at high temperatures. Since the disulphides s 
antipyrine and homoantipyrino exhibit a normal molecular weigh 
in boiling alcohol, and therefore cannot possibly be dissociated ins 
radicles containing univalent sulphur, the author is led to ti 
conclusion that their smooth and quantitative transformation int 
mercaptides in cold chloroform solution is to be attributed to 
dissociation into radicles, which only occurs under the influence i 
the chemical affin'ty of mercury for sulphur in the first moment 
of the action, and that this is immediately followed by union < 
the nascent radicles through the mercury bridge. II. " 


Action of Nitrous Fumes on Indigotin. Theodor Tossn 
and Gunther Aschermann (Ber., 1920, 53, \B], 1925 1940).— 
Indigotin, when suspended in ethyl alcohol and treated "'ll 
nitrous fumes, is gradually decolorised and dissolved, with in- 
formation of ethyl' phenylglyoxylate. In order to elucidate u 
probable course of the reaction, the behaviour of indigotin, " 
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similarly treated in the presence of a number of solvents, has been 
investigated, and it is thus shown that- the intermediate products 
are derivatives, not of dehydroindigotin (compare Kalb, A., 1909 
i, 966; 1910, i, 3 40, 1912, i, 725), but of dihydroindigotin. 

Ethyl phenylglyoxylate, obtained from indigotin and' nitrous 
fumes in the presence of ethyl alcohol (96%) at the ordinary 
temperature, hash. p. 138 — 139-2° (corr.)/12 mm., 263 6 — 264-6°/ 
J56 mm. (core.; slight decomp.), and is further identified by 
hydrolysis to phenylglyoxylic acid, m. p. 61-63°, and conversion 
of the latter into its pheuylhydrazcne, m. p. 163°. In the presence 
of methyl alcohol, methyl ■pkenylglyo.ryhite, yellow, almost odour- 
less liquid, b. p. 136-8 — 137-2° (core.)/ 14 mm,, 254'6 255'6° 

(corr.)/756 mm., is produced; if the reaction is interrupted before 
it is complete, unchanged indigotin and isatin can also be isolated. 

The action of nitrons fumes on a suspension of indigotin ill ether 
causes the separation of dinitrosodihydroxydihydroiudtgotin 

t 'ii H 4<^KO)^ C(OH ) -C ( OH ) < N(hKi)> t 6 H <’ 

yellow powder, which can be preserved for several days when per- 
fectly pure, but, in its crude stale, readily decomposes, frequently 
with spontaneous ignition ; it becomes decomposed when slightly 
warmed; the mother liquors from its preparation evolve nitrous 
fumes and carbon monoxide violently when wanned, and yield 
benzoic acid. It is transformed by ethyl alcohol at 40— 55° into 
iiitmohydroxydihydroiiidigolin, 

°A<£h>CS -C(OH)<;CO^>c # H 4 , . 

almost colourless, crystalline powder, m. p. 191° (decomp.) after 
darkening at about 190°, together with small amounts of isatin. 
The mononitrosc-compound yields an ammonium salt 
*-'i 6 H 1 i0 4 N 3 ,2NH. l , 

colourless powder, m. p. 168- 170° (deeomp. above 140°), and is 
transformed by encoded methyl alcohol and nitrous fumes into 
methyl phenylglyoxylate. It is converted by boiling acetic 
anhydride into a mixture of iiitroguliydrojcydikydroiiuligotin 

C f( H 1 ^° A H >C- C( OH)<^-- >C< H 4 , yellow crystals, 
m. p. 275 278° after darkening at 265°, and dihyd roxydihydro- 
Miyotin diaceMe, G e H ( <^)>C-C(Ott)<™ c >C 4 H„ 

yellow powder, m. p. above 325° after darkening at 310°, which is 
insoluble in all the commoner media. 
towdrfMidihydroxydihydrmndigotin diacetate , 

c « h ‘<^( C nV c( 0 Ac>c< 0 Ac)< n(^ c « h o 

pale yellow, crystalline powder, m. p, 172° (decomp.) when 
lapidly heated, is prepared by the action of nitrous fumes on 
indigotin suspended in acetic acid; the substance cannot be pre- 
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served for any length of time. It is slowly converted by boiling 
ethyl alcohol into isatin and ethyl phenylglyoxylate, very rapidly 
by boiling glacial acetic acid into nitrosohydroxydihydroindigotin* 
ni. p. 190—194° (decomp.); it is reduced by zinc dust in the 
presence of acetic anhydride and sodium acetate to tetra-acetyl- 
indigo- white, m. p. 256°. 

A suspension of isatin in ethyl alcohol is gradually converted bv 
nitrous fumes into ethyl phenylglyoxylate. 

The course of the action in ethyl-alcoholic solution therefore 
appears to be as follows: indigotin is converted into dinitroso 
dihydroxydihydroindigotin, which is reduced by alcohol to nitroso- 
hydroxydihydroindigotiu on the one hand and converted info 
nitrosodihydroxydihydroindigotin, 

°« h <<nh> c (° h )' c ( oh )<N(NO) >C » H 4' 

on the other. Part of the latter is reduced to nitrosohydroxy. 
dihydroindigotin, whilst another part is oxidised to isatin and 

.V-nil.rosoisalin, C c H 4 <Cjf^,^>CO. This compound unites with 

a molecule of alcohol, forming the diazohydrate of ethyl phenyl 
glyoxylate, HO<N!N'G 6 II 4 -CO-CO.,Et, which is subsequently 
reduced by alcohol lo pheuylglyoxylic ester. H. \V. 


The Acenaphthene Series. I. The Conversion of 
o-Nitroamines into isoOxadiazole Oxides. Fredbbick 
Maurice Rowe and John Stanley Herbert Davies (T., 192(1, 
117, 1344 — 1 351). 


The Sulphonation of Glyoxalines. Frank Lef. Pyman and 
Leonard Allan Ravald (T., 1920, 117, 1429 — 1491). 

The Formation and Reactions of Imino-compounds. XX. 
The Condensation of Aldehydes with Cyanoacotamide. 

James Nelson Edmund Day and Jocelyn Field Thorpe (T., 192(1 
117, 1465—1474). 

Iminazoleisopiperidine [Tetrahydro-1 :3 : 5-benztriazole] 
and its Derivatives. Sigmund Fbankel and Kakoline Zeijieb 
( Biochem . Zeitscli., 1920, 110, 234 — 244). - 4-0-Amiuoethylgly- 
oxaline was prepared by eliminating Ihe carboxyl group of histidine 
hydrochloride by naans of bacterial action. It was then treated 
with concentrated hydrochloric acid and methylal on the walerbatli 
under a reflux condenser. The product of the reaction was freed 
from the hydrochloric acid by evaporation, and recrystallised from 
alcohol. The tetrahydro-1 : 3 : 5-benztriazole hydrochloride tlnfc 
obtained forms triclinic crystals, in. p. 253°. Tetrahydro-1 :3:5' 

NH'C'CH *CH 

benztrmzole, CH< XT __U * I TT 2 . obtained by treating ihe hydro 
In — 

chloride with silver carbonate, is crystalline, m. p. 110°. 
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following derivatives were prepared : dipicrate, 

C 0 II 9 N 3 (C 6 H 3 O 7 N,),. 

ra p. 220°; dipicruhimte, Gyi 9 N 3 (C 10 H 1 ,O ;i X 4 ).,,ElOH, in. p. 250°; 
unichloride, C’ i; H. j N..,AiiC 1 : ,, m. p. 217°; platiniehloridi 
C 6 H 9 N 3 PtCl 6 ,H 2 0, 

decomp. 280°; mercurichlonde , C 6 H 9 N 3 (IIgCU) 4 , in. p. 210°; 
^-acetyl-ley drochloride, CfilUN.Ac.lICl.n.d) m. p. 235°; N -di- 
benzoyl derivative, C 6 H 7 N 3 Bz 2 ,H 2 0, m. p. 215°. Hydroxyhydro- 
ijoquinoUne was prepared by treating tyramine with concentrated 
hydrochloric acid and methylal on the water bath under the reflux 
condenser. S. S. Z. 

Uroxanic Acid. Heinrich Biltz and Rudolf Robl (Btr., 
1920, 53, [B], 1950 — 1963). — Uroxanic acid has been largely in- 
vestigated by Behrend (A., 1904, i, 950) and Behvend and Schultz 
(A., 1909, i, 272), and it has been shown that , in all probability, 
the substance is dicarbainidomalonic acid, 

(NH„-CO-NH),C(CO.,H) 2 . 

This view of its constitution has now been fully confirmed. 

Potassium uroxanate is moderately rapidly obtained by the 
oxidation of a solution of uric acid in an excess of aqueous 
potassium hydroxide by purified air at 38°, and very slowly pre- 
pared in a similar manner at the ordinary temperature ; the oxida- 
tion is, however, more conveniently effected with aqueous potassium 
permanganate, the yield being 27% of that, theoretically possible 
(allantoin is also formed). The salt forms colourless crystals, 
<i:J:c=0'88o76:l:l'2044, and gives hydrates containing 3'5, 3, 
and probably also 0'5 H«0. Uroxanic acid crystallises in indistinct 
tetrahedra, decomp. 162° [the sodium sail, hexagonal leaflets 
( + 8H»0), anhydrous ammonium salt, prisms, decomp. 182° after 
becoming discoloured at about 172°, and the -s deer salt, colourless, 
crystalline powder, are described], Uroxanic acid is reduced by 
fuming hydriodic acid to hydantoin, and, hydrolysed by warm 
water (with loss of carbon dioxide), to carbamide and “ glyoxyl- 
carbamide,” decomp. 120—125° (compare following abstract), the 
latter change being also effected by concentrated nitric acid. Cold 
dilute hydrochloric acid transforms it into allantoin, whilst s piro- 
dihydantoin (A., 1917, i, 290) is formed under similar conditions 
with concentrated hydrochloric acid. 

Esterification of the carboxy-groups of uroxanic acid cannot be 
effected with methyl alcohol and hydrogen chloride, with methyl 
sulphate in alkaline solution, or from the silver salt and methyl 
iodide; with the aid of diazomethane, however, it lias been found 
possible to prepare methyl uroxanate , decomp. 213°, which is 
slowly hydrolysed to uroxanic acid by aqueous potassium hydr- 
oxide solution, aud converted by boiling water into spiro- 
dihydatitoin, which is conveniently identified as the di-silver salt, 
U,H„0 4 N J Ag 2 ,2H„0, and the diammine copper salt, 
C 5 H 2 0 4 N 4 [Cn(NH 3 ) ? |, 
pale blue, matted needles. 
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The presence of the two car Da mi d o-groups is deduced from the 
behaviour of the substance towards nitrous acid, which, under 
definite conditions (see later), leads to the quantitative evolution 
of the whole of the nitrogen. It is shown at the instance of uric 
acid, uric acid glycol, methyl urate, hydantoin, glyoxylcarb amide 
and alloxanic acid that nitrogen united in a ring is not liberated 
by nitrous acid in these circumstances, whilst, on the other hand 
the nitrogen of primary amines and of substances which contain 
the carbamido-group as an open chain, and in which an alkyl 
group is not attached to the nitrogen atom, is evolved in the free 
state. Whilst the former statement appears to be universally 
true, the latter is subject to certain exceptions, since, although ii 
is valid in the cases of methylamine hydrochloride, glycine, leucine, 
carbamide, o«-dimethylcarbamide, allantoic acid, and l:3:7-tri. 
methyl-^-uric acid, it docs not hold for certain methylated 
allantoins in which the expected decomposition does not occur, 
nor for derivatives of carbamide containing negative substituents 
(acetylcarbamide, benzoylcarbamide, allophanic ester, i/^-uric 
acid, 5-methoxy-^-uric acid), which are not decomposed. For the 
estimation of the nitrogen, a weighed quantity of the substance is 
placed with about 1 gram of solid sodium nitrite in a flask through 
which a current of carbon dioxide can be passed, and provided 
with a dropping funnel, and connected through bulbs containing a 
solution of chromium trioxide (100 grams) in nitric acid (12%; 
100 c.c.) to a nitrometer filled with potassium hydroxide solution. 
The apparatus is filled with carbon dioxide, and sodium nitrite 
solution (40%; 20 c.c.) is admitted, followed by 2iV-sulphuric acid, 
the rate of addition of the latter being so controlled that the solu- 
tion retains a green colour and evolves oxides of nitrogen. After 
completion of the action, the residual nitrogen is driven into the 
nitrometer by carbon dioxide. 

Elimination of the carbamido-groups from uroxanic acid by 
means of sodium nitrite leads to the formation of mesoxalic acid. 

H. W. 

Mechanism of the Formation of Uroxanic Acid from 
Uric Acid. Heinrich Biltz and Fritz Max ( Ber 1920, 53, [B], 
1964 — 1966).— -It can scarcely be doubted that the primary product 
of the oxidation of uric acid in alkaline solutions contains tvo 
hydroxyl groups in the 4 : 5-positions, but all attempts to prepare 
uroxanic acid directly from the uric acid-4 : 5-glycol have failed. 
It is now shown, however, that it can be obtained when the corre- 
sponding dimethyl rither is gently warmed with dilute alkali. It 
is therefore quite possible that the formation of the glycol is the 
first step in the conversion of uric into uroxanic acid, but that the 
spatial configuration of the intermediate glycol differs from that 
of the isolated compound. The further action probably proceeds 
either through spirodihydantoin or hydroxydicarbamidoethane- 

carboxylic ester, CO< Cnh.C(OI) ! )— ' the former tas bef91 
shown to be convertible into uroxanic acid (Biltz and Heyn, A.. 
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1917 , i, 290), but, for other reasons, the authors consider the latter 
to be the more probable intermediate substance. H. W. 


Oxonic Acid. Heinrich Biltz and Ruuolf Robl (Bey., 1920, 
53, [5], 1967 — 1983). — Oxonic acid in the form of its potassium, 
potassium hydrogen, sodium, ammonium hydrogen, and barium 
hydrogen salts was isolated by Strecker from the products of the 
slow oxidation of alkaline solutions of uric acid by air, and the 
account of the work was published afler Streckcr's death by 
McdicUS (this Journ., 1875, 555). Since then, very little progress 
has been made with the investigation of the substance, largely owing 
to its difficult accessibility. The present, authors find that potassium 
hydrogen cxonate can be rapidly prepared by addition of finely 
divided potassium permanganate to a solution of uric acid in an 
excess of aqueous potassium hydroxide at 30 40°, followed by 
cautious addition of acetic acid. The identity of the oxonic acid 
derivatives obtained in this manner with Strecker's preparation 
is established by comparison of a series of salts. A further advance 
is made through the observation that free o.ronic aci<l, platelets 
(t 2H 2 0), can be obtained by the action of hydrochloric acid (10%) 
on the potassium hydrogen salt; as is to be expected, it is very 
unstable, and evolves carbon dioxide when treated with water at 
40°, passing thereby into a substance, which Strecker merely 
designates “new acid from ctxonic acid,” but Medicus (Joe. cit.) 

describes as “crystalline glyoxylurea,” CO<)^_ 011 . Com- 


plete analyses of this substance have shown that this formula is 
incorrect, and that it actually has the composition C s H 8 0 2 N 3 , and 
is identical with allantoxaidin, which has been prepared by Mulder 
(A., 1871, 1197) and van Embden (this Journ., 1873, 1025) by 
the oxidation of allantoin by potassium ferricyanide in alkaline 
solution, and the constitution of which has been elucidated by 
Ponomarew (A., 1879, 226). Oxonic acid is therefore identical 

. , „ „ .nh-c:n-co„h Ti , . , 

with allantoxamo acid, UO<_ . its production from 


ANH-CO 

uric acid is explained according to the scheme 


uric acid- 


NH.C(CUH). N H 

s nh-C(oh) — N bK 
,nh-c:n-co-nh, 

0< 'NH-CO 




The work described in this and the preceding abstracts allows a 
fairly complete picture to be drawn of the oxidation of uric acid 
in alkaline solution. If the latter is concentrated and' cooled, 
potassium uroxonate separates'; if it is acidified with acetic acid 
(particularly after addition of alcohol), potassium hydrogen 
oxonate crystallises, whilst if the acidified solution is preserved or 
evaporated and cooled, allantoin is obtained. 

The following substances are described : methyl oxonate, viscous 



i. 886 


ABSTRACTS OF CHEMICAL PAPERS. 


syrup, which could not, be caused to crystallise; normal potassium 
oxonate , C 4 H0 4 N,K,,H 2 0 ; sine hydrogen oxonate , thin platelets 
( + 4H 2 0); normal lead oxonate, small, rhombic crystals; normal 
silver oxonate, voluminous precipitate; the silver salt, dense, white 
precipitate; hydrazine salt, slender needles, m. p. 204°, and ’phenyl 
hydrazine salt, pale yellow leaflets, m. p. 228° (decomp.) 0 f 
allantoxaidin. ' 

A solution of oxonic acid is almost quantitatively oxidised to 
cyanuric acid by potassium permanganate in the presence of 
sulphuric acid. 

Dehydrated allantoxaidin is converted by an ethereal solution 
of diazomethane into dimethylallantoxaidin, short prisms, m p 
158°; the same compound is obtained from the silver salt of 
allantoxaidin and methyl iodide. Both methyl groups are 
attached to nitrogen. Dilute mineral acids decompose alien 
toxaidin into formic acid and biuret; concentrated nitric acid 
causes a similar decomposition, yielding, however, 1-nitrobiuret, 
decomp. 165°. 

Ponomarew's synthetic production of qxonic acid (allantoxaiiic 
acid) from parabanie acid and carbamide is confirmed; similarly, 
methylparabanic acid and carbamide give an amorphous, yellow 
condensation product, decomp. ca. 200°, which is converted by 
potassium hydroxide into a crystalline potassium salt, yielding (!) 
methyloxonic acid, decomp. 135°. On the other hand, dimethyl 
parabanie acid could not be condensed with carbamide, methyl 
carbamide, or s- or os-dimethylcarhamide. H. Vv\ 

Pyrrole-blacks. VIII. A. Angeli and C. Lutri (4ffi R, 
Accad. Lincei, 1920, [v], 29, i, 420 — 423. Compare this vol . , 
i, 397). — A black substance identical in composition and properties 
with that obtained by the interaction of pyrrole and p-benzo- 
quinone in presence of water is formed when this reaction takes 
place in acetic acid solution. It is therefore probable that this 
substance represents an individual compound, and it is assumed 
that, in its formation, the, quinonoid and pyrrole rings unite. 

When treated with nitrous acid, pyrrole yields intensely black 
products (compare Angeli and Cusmano, A., 1917, i, 413), and it 
is now found that the interaction of pyrrole and p-nitrosophcnol 
in cold acetic acid gives an amorphous, deep violet-black powder 
insoluble in the ordinary solvents, but soluble in alkalis, giving 
black solutions; this powder has a composition corresponding with 
the formula or C ;; ofU 4 0,N f ., and appears to be formed 

according to one of tne two equations: 

2C 4 H 5 N + 4C (; 1 1 -,0,N — 3H„0 — IX, - C 3 ,0„0 5 N. 
or 2C 4 H 5 N + 4C 6 H 5 0. 2 N—3H 2 0 = C 33 H 24 0 5 N s . ‘ " 

Intensely coloured products are formed also by the action of 
pyrrole on p-quinoneimine or p-quinonedi inline. T. H. F. 

Catalytic Reduction of o-Nitroazoxybenzene. Goioo 
Cusmano [Atti R. Accad, Lincei, 1920, [v], 29, ii, 93 — 95).— 
When an ethereal solution of m/rt'-dinitroazoxybenzene, contain- 
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platinum-black in suspension, is shaken at the ordinary 
temperature in an atmosphere of hydrogen, the gas is rapidly 
absorbed, with formation of various reduction products, principally 
mi m in oazoay benzene, NH.,*C, ; H 4 , N!NPh!0, which crystallises in 
long, flattened prisms, m. p. 97°, forms colourless, well -crystallised 
salts with hydrochloric and sulphuric acids, and yields an acetyl 
derivative, m. p. 157°. When heated on a boiling-water bath with 
concentrated sulphuric acid, it does not undergo Wallach's trans- 
position, according t.o which azoxybenzenes are converted into the 
isomeric hydroxyazo-compounds, but it suffers intramolecular 
dehydration, with formation of 2-phenyl-l ;2 : 3-benztriazolo, 

C a H 4 <^>SPh or O d H 4 <^d>NPh. The detailed results are to 

be published later. T. H. P. 

Electrolytic Reduction of Hydroxyazo compounds. II. 

E. Puxeddu ( Gazzetta , 1920, 50, ii, 119 — 159. Compare A., 
1918 i, 551). — Further experiments on the electrolytic reduction 
of hydroxyazo-compounds, mostly in acid solution, show that such 
reduction always consists in rupture of the azo-linking, with form- 
ation of two bases, namely, the aniline used to prepare the hydr- 
oxyazo-compound and the aminophenol, corresponding with the 
phenol used in this preparation; no other reduction products liave 
lieen isolated. 

In presence of sodium hydroxide, the electrolytic reduction of 
y;-benzeneazophenol proceeds with difficulty, and gives poor 
yields. In acid solution, 3-benzeneazo-o-cresol yields aniline and 
o-amino-o-cresbl, but in alkaline solution only the aniline is 
detectable. Other compounds investigated were 4-o-tolueneazo- 
phenol and 4-p-tolueneazophenol. T. H. P. 

Diazotisation of Polynitroanilines. Ehii. Misslin (Helv. 
fjhim. Acta , 1920, 3, 626— 639). — The loosening influence which 
the diazo-group exerts on ortho-substituents is enhanced, especi- 
ally by negative groups in the para-position, and this becomes of 
importance if the behaviour of more highly negatively substituted 
dinitroanilines on diazotisation is to be studied. Up to the 
present, picramide has been regarded as incapable of diazotisa- 
tion, as it does not yield to the methods usually employed to meet 
such cases. Even with 4-chloro-2 : 6-dinilroaniline, it is easily seen 
that the diazonium compound, obtained by treatment oi its con- 
centrated sulphuric acid solution with nitrosylsulphuric acid in 
(he cold, loses increasing amounts of nitrous acid after being 
poured into ice-water and allowed to remain, the power of coupling 
with )8-naphthol also diminishing; it is found that, one of I he nitro- 
groups undergoes replacement by hydroxyl. 

Similar, but still more pronounced, behaviour is shown by a 
diazotised solution of 2:6-dimtroaniline-4-siilplionic acid in con- 
centrated mineral acid; this is stable, but, on neutralisation with 
sodium acetate or sodium hydrogen carbonate, an ortho-nitvo-group 
is eliminated and replaced by hydroxyl. 
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As regards the properties which must be shown by diazotised 
2:4 : 6-lrinitroaniline solutions, Witt’s assumption that amines 
such as this, which are unable to form salts, are absolutely u u . 
diazotisable (A., 1909, i, 855), is beside the mark, since the solu- 
tion of this amine in concentrated sulphuric acid undoubtedly 
contains picramide sulphate. There is hence no ground for 
assuming that picramide cannot be diazotised, the only necessary 
condition being the exclusion during the process of diazotisatiou 
of the hydrolysing action of water, which is indirectly the cause 
of the loosening influence of the diazo group. 

On these considerations is based the following method for 
diazotising di- and tri-nitroanilines of the type of picramide. 
The amine is dissolved in glacial acetic acid and the solution 
treated carefully in the cold with nitrosylsulphuric acid or with 
a solution of sodium nitrite in sulphuric acid monohydrate, the 
weight of the latter used in the case of trimtroanilines being equal 
to that of the acetic acid used for dissolving the amine. If much 
less sulphuric acid is taken, say 2 mols. per 1 mol. of amine, no 
diazotisatiou takes place, even in glacial acetic acid, excess of 
sulphuric or nitrosylsulphuric acid being evidently necessary to 
give the sulphate of the amine. By this method, 2 : 4 : 6-triuil .re- 
aniline, 2:4: 6-trinitro-3-melhoxyaniline, 2:4: 6-trinitro-3-ethoxy- 
auiline, and 2 :4 : 6-trinitro-3-hydroxyaniline have been diazotised 
and coupled with jB-n&pht-liol t-o form colouring matters, the yield 
of the latter in the pure state amounting to 80%. Further, 2:4:6- 
trinitro-/«-phenylenediamine has been tetrazotised by this method, 
but the diazotisabilit.y of 2 : 3 :4 : 6-tetranitroaniline remains 
uncertain. 

Diazotisatiou of 4-chioro-2 : S-dinitroaniline, and coupling of the 
product with 1 : 8-aminonaplilhol-3 : G-disulphonic acid, yields the 
colouring mutter (annexed 


b'O., OH NHj formula), which crystallises ill 

/\/\ small, bronzed needles and 
Pll l, N il "wThI I Uo II exhibits the properties of. a 
X/X,/' 3 typical o-hydroxyazo-colouring 
mailer; in a faintly acid bath, it 
dyes wool bluish-Bordeaux, the colour being sensitive to acid, and 
yielding pure blue and violet-black tints when treated with copper 
sulphate and chromed respectively. With ,8-naphlhol, the diazo- 
solution forms the colouring matter, C, 6 H 8 0 5 N 4 C1, which separates 
in stout, reddish-brown, shining crystals, dissolves in concentrated 
sulphuric acid to a violet-blue solution, and is precipitated from 
the latter unaltered by addition of water. Freshly prepared 
4-chloro-2 : 6-dinilroaniline diazo-solution gives, with a solution of 
8-naphthol -6-sulphonie acid rendered alkaline with sodium 
carbonate, a colouring matter which colours wool yellowish-orange, 
and with 1 : 8-amiuonaphthol-3 : 6-disulphonic acid in alkaline soh 
lion, a monoazo-colouring matter, which dyes wool bluish-Bordeaux, 
and in which the two nitro-groups in the ortho-positions to the 
amino-group still persist. The colouring matter formed by 
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coupling with a-naphthol crystallises in slender, brownish-yellow, 
shining needles ( + 1C 5 H 4 0 2 ), dissolves in concentrated sulphuric 
acid to a violet-blue solution, and is precipitated unchanged from 
the latter by addition of water. Typical for the a-naphthol 
colouring matter is the property of dissolving in dilute sodium 
hydroxide solution to a deep blue solution, from which sodium or 
urii assium chloride precipitates the corresponding salt in shining 
crystals resembling crystal-violet. This behaviour confirms the 
expectation that the union with a naphthol takes place in the 
para-position to the hydroxyl group; the 0-naphtholazo-colouring 
matter is insoluble in cold aqueous sodium hydroxide. Note- 
worthy is the great affinity towards wool of the a-naphthol product 
jn dilute sodium hydroxide. The deep blue coloration is converted 
into orange by atmospheric carbon dioxide. 

Diazotised 2 : 6-dinitroamline-4-sulphonic acid gives with 
8-naphthol a typical o -hydroxy-colouring mutter, 
C 10 H 1( ,O 6 N 4 S,2H 2 O, 

which forms shining, brownish-orange needles, and in faintly acid 
bath colours wool bright orange ; the coloration is sensitive to 
alkali, and is turned blue by ammonia, the colouring matter being 
destroyed by boiling with dilute sodium hydroxide. The corre- 
sponding o-nnph-tholtuo-colouring matter forms a brownish-yellow, 
crystalline powder, and in faintly acid solution produces on wool 
yellowish-brown tints, which are still more sensitive to alkali, being 
changed to deep blue, even by dilute sodium carbonate solution. 

Diazotisat.ion of picramide and coupling with 8-naphthol yields 
the colouring matter , C ]C H 9 0 7 N,.„ which crystallises in greenish- 
blue, spear-like crystals with metallic lustre, or in shilling, reddish- 
brown cubes; it dissolves in concentrated sulphuric acid, giving a 
blue solution. The corresponding a-naphthol compound forms 
shining, yellowish-brown crystals, giving a violet -blue solution in 
concentrated sulphuric acid. 

Diazotisation of 2 ; 4 : 6-trinitro-3-hydroxyaniline and coupling 
with 8-naphthol gives the colouring matter, which separates in 
broivnish-bl'ack crystals with metallic lustre, and yields a blue 
solution in concentrated sulphuric acid and a Bordeaux solution 
in dilute sodium hydroxide solution; gentle heating of the alkaline 
solution destroys the colouring matter. 2:4:6-Trinitro-3-methoxy- 
(and ethoxy-) anilines yield similar compounds, and 2:4: 6-trinitro- 
M-phenylenedianrine the corresponding telrazo-colouring matter. 

T. H. P. 

Action of Diazonium Salts on Arylsulphonated Aceto- 
aad Propio-nitriles. J. Troger and R. Wunderlich (J, pr. 
Okem., 1920, [ii], 101, 157 — 170. Compare A., 1905, i, 336, 
870; 1908, i. 798; 1915, i, 792).- -Arylsulphonated acetonitriles 
have been shown to differ in behaviour from arylsulphonated 
propionitriles, since they readily dissolve in alkali hydroxide solu- 
tion, in which the latter arc insoluble. Both classes of compounds 
are now shown to react with diazonium salts. The propionitrile 
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derivatives so obtained must necessarily be regarded as azo-com. 
pounds, but the acetonitrile derivatives may be either azo-coni, 
pounds, R*SO.> , CH(*N!NR)‘CN, or hydrazones, 
R-SOo*C(:N‘NHR)-CN; 

the latter assumption is the more probable, since the derivatives 
like the parent substance, are soluble in alkali hydroxide solution 
Attempts to adduce more definite evidence did not meet with 
success. Assuming the acetonitrile compound to be a true azo- 
derivative, it should pass, when methylated, into the correspond- 
ing propionyl compound; this does not appear to be the case, but 
the processes of methylation and purification of the methylated 
product are beset by unusual difficulties, so that trustworthy con- 
clusions can scarcely be drawn. An attempt to prepare an un- 
doubted hydrazone of an acetonitrile compound was made at the 
instance of a-naphthalenesulphonyldibromoacetonitrile, 
C w H 7 -SO>-CBr 2 -CN, 

which, however, could not be induced to react with phenylhydr- 
azine in the desired sense, the ultimate product being 
a-naphthalenesulphonylacetonitrile. 

The compounds are prepared either by the addition of the 
diazonium solution to a well-cooled solution of the nitrile in an 
excess of aqueous sodium hydroxide, followed by acidification with 
acetic acid, or by slowly running t he diazonium solution into an 
alcoholic solution of the nitrile in the presence of saturated aqueous 
sodium acetate solution ; only the second process is available in 
the case of the propionitrile derivatives. 

The following compounds have been prepared : a-naphthalene- 
sulphonylacetonitrile, m. p. Ill — 112° (Troger and Helle, loc. cit., 
give 109°); a-naphthdenesulphonylbenzeneazoacetonitrile or 
phenylhydrazone of a-naph t hal enesu Iph o nyl form yl cyanide, , reddish- 
yellow, six-sided crystals, m. p. 203° [potassium salt ( + 3H,0)., 
golden-yellow crystals; sodium salt, freely soluble in water, and 
not obtaiued in the crystalline stale; lead salt, canary-yellow, 
amorphous precipitate; silver salt, canary-yellow precipitate]; 
a-naphthalenesulphonyl'-pdolucneazoacetonitrile or p-toly l hydr- 
azone of a-n aph thal e lies ulph o nyl formyl cyanide, orange-red leaflets, 
m. p. 193° [potassium salt, golden-yellow, shining crystals ( + 3H.,0); 
silver salt, dark yellow, amorphous precipitate; sodium salt, freely 
soluble in water]; a-naphthalniesulphonylo-tolueneazoacetonitnh 
or o-tolylhydrazoue of a-naphthal t n esulph o rt yl formyl cyanide, dark 
yellow, prismatic needles, m. p. 149 — 150° ( potassium salt, pale 
yellow needles; sodium salt, freely soluble in water); a-naphtha- 
lenesulphonyl-p-anist leazoaceto nit rile or p -m ethoxy phenylhydr- 
azone of ornaphthalene&ulphonylformyl cyanide, carmine-red, pris- 
matic needles, m. p. 173° [potassium salt, pale yellow, six-sided 
crystals ( + H 2 0); sodium salt., freely soluble in water]; j 8-naphtha- 
lenesulphonylbenzeneazoacetonitrde or phenylhydrazone of 
Q-naphthaleriesulph onyl formyl cyanide , red needles, m. p. 194 — 19o 
[potassium salt ( + 3H 2 0), yellowish-brown, shining crystals; 
sodium salt, freely soluble in water; lead salt, lemon-yellow. 
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amorphous precipitate]; 0-naphthalenesulphonylacetonitrile has 
B1 p. 109° (instead of 95°, as previously given); methylation of 
the substance, in. p. 194- 195°, by methyl iodide and sodium 
ethoxide at 100° gives a product, yellowish-red crystals, m. p. 168°, 
which differs from the corresponding propionyl compound (see 
later), but other analogous experiments failed to give so definite 
a result; Pnaphthalenesulphonyl-p-toliteneazoacrtonitrile or 
p -tohjlhydrazone of ft-naphthalenesulphonylformyl cyanide , orange- 
coloured needles, m. p. 189- 190° [potassium salt ( + 0'5II.,O), 
amorphous, egg-yellow substance; sodium salt, freely soluble in 
water; silver salt, amorphous, dark yellow precipitate]; methyl- 
ated product, pale yellow needles, m. p. 210— '111 0 ; & naphthalene- 
ndphonyl-m-tolueneazoacelonilrile or m-tolylhydrazone of 
H-naphthalenesulphonyl formyl cyanide, red, prismatic needles, 
m , p, 160 — 161° ( potassium salt, reddish-yellow crystals; sodium 
sail, freely soluble in water) • fS-nuphthahnesulphunyl-p-phenetole- 
uzoacetanitrile or p-etliorypheiiylhydrtizone of B-nuphthalene- 
sidphonylformyl cyanide, pale brown crystals, m. p. 165 — 166° 
[potassium salt ( + 3H,0). dark yellow, hexagonal crystals] ; 
f.l/romoiemenesulphonylbenzeiieazoiicetonitrile or phenylhydr- 
aznne of p-bromobenzenesul phony! formyl cyanide , yellowish-brown 
prisms, m. p. 185° ( sodium salt, pale yellow, amorphous pre- 
cipitate) ; p-hromobenzenesu! phonyl-p-phenetoleasoacetonitrile, or 
p-etho.ryplienylhydrazone of p-bromobenzenesul phony} formyl 

cyanide, pale brown, prismatic needles, in. p. 154 — 155° ( sodium 
salt, dark yellow crystals) (in the two cases last mentioned, the 
salts can only be prepared in the absence of moisture); benzene- 
sulphonylbenzeneaziipropiuiiitrile, S0 2 PlrCWe(N. 2 Ph)‘CN, canary- 
yellow, prismatic needles, m. p. 78°; benzenesulphonyl-p-toluene- 
azopropionitrile, red, prismatic needles, in. p. 103 — 104°; benzene- 
su!phonyl-p-anisoleazopropio7Vtri!e, lemon-yellow needles, m. p. 
81- 82°; benzenesulphonyt-p-phenetoleasopropiomtrile, pale yellow 
crystals, m. p. 96 — 97°; fi-naphthalenesulphonylpropionitrUe , 
colourless, waxy crystals, m. p. 90— 91° ; fi-naphthaleiiesidphonyl- 
hrmeneazoprojiionitrile, dark yellow tetrahedra, m. p. 120°; 
P-naphthalenesulphonyl-p-tolueneazopropionitrile, dark yellow 
prisms, m. p. 110 — 120°; p-chlnrobenzenestilphanylhenzeneazo- 
propionitrile, dark yellow rhombs, m. p. 90- 91°; p-chlorobenzene- 
cnlphuiujl-^- naphtha} eneazopropionitrile, pale yellow, silky needles, 
m. p. 154 — 155°; p-bromobenzenesulphonyl-p-tolueneazopropio- 
nitrile , dark yellow, prismatic needles, m. p. 151° ; p -bromobtnztne- 
sulphonyl-n-anisolepropionitrde, sulphur-yellow prisms, m. p. 
153°. ' H. \V. 

o-, m-, and p Tolueneazo-snaphthylliydrazinesulphonic 

Acids. J. TrOger and O. Lange (J. pr. Chem., 1920, [ii], 101, 
123-135. Compare A., 1900, i, 120; 1909, i, 68, 69; 1910, 
i, 207).- -The o-, m-, and p-tolueneazo-a-naphthylamines are 
diazotised, and the resulting solutions are filtered into alkaline 
potassium sulphite solution, thus yielding the potassium diazo- 
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sulphonates, C 6 H 4 M6 , N 2 , C iQ H^N 2 , SO $ K ; the latter are reduced ^ 
ammonium sulphide to the corresponding potassium hydrazi^ 
sulphonates, Cg^Me’Ng’C^Hg’NH-NH'SOgK (which are somewhat 
readily decomposed), from which the free sulphonic acids are 
readily isolated. The yields are dependent on the smoothness with 
which the primary material can be diazotised ; with the ortho- arid 
meta-derivatives, this occurs readily at 0°, but with the para-cow- 
pound it is best effected at 20°, the process, however, being rather 
unsatisfactory even in this case. The hydrazinesulphonic acid 
reacts with aromatic aldehydes to yield hydrazones; heating during 
the reaction must not be prolonged, and the meta- and para-cam- 
pounds are more sensitive than the ortho-derivatives. 

The following substances are described : potassium p -tolueneaio- 
a-n a p h l hyldi dzosulphonnte (labile salt, amorphous, reddish-brown 
flocks; stable salt, dark brown powder); potassium p -tolueneaio- 
a-naphthylhydrazinexulphonate, pale brown needles; p -toluencaztr 
a-naphthylhydrazrnesulphonk acid , blackish -violet crystals; 
p-tolueneazo-a-naphthyl-o-hydroxybenzylidenehydrazine , 
C 6 H 4 Me-N:N-C J0 H c -NH-N:CH-C c H 4 -OH, 
dark reddish-brown, prismatic needles, m. p. 166*5° (hydrochloride 
dark moss-green, crystalline powder); p -tolueneazo-a-naphthyl 
cmnamylidenehydrazine , dark reddish-brown, prismatic crystals, 
m. p. 168*5° after previous softening ( hydrochloride , black powder 
with green glance) ; p-tolueneazo-a-naphthylanisylidenekydrazine , 
small, brown, shining crystals, m. p. 156° (, hydrochloride , blackish- 
green crystals) ; tolueneazo-a-naphthyl-p-tolylidenehydriu'uK, 
blackish-brown, oblique crystals, m. p. 159° ( hydrochloride , small, 
bluish-black crystals). 

o-Tolueneazo-a-naphthylamine , pale red, silky needles, m. p. 
99° [the hydrochloride , violet needles, sulphate , pale violet crystals 
( + 3H 2 0), and the nitrate , blackish-green crystals, are described], 
is most conveniently prepared by the addition of diazotised 
o-toluidine solution to an alcoholic solution of a-naphthylamine 
at 45°. It gives rise to the following compounds: potassium 
o-tolueneazo-a-naphthyldiazosulphonate (red, labile, and rust-red 
stable salt) ; potassium o-tolueneazo - a - naphthylhydrazuu- 
sulphonate, pale brown, silky leaflets; o~t olueneazo- a- naphthyl- 
hydrazinesulphonic acid , amorphous, violet-black flocks; o -toluene 
azo-a-xiaphthyl-o-hydroxyhenzylidenehydrazine, coarse, dark brown 
crystals, m. p. 162° (< hydrochloride , , bluish-green, crystalline 
powder) ; o-tolueneazo-a-naphthylcinnaniylidenehydrazine., brown 
prisms, m. p. 170° (hydrochloride, coarse, black, crystalline 
powder) ; (ytolutn eazo-a - h aphthy lanky liden ehydrazine , brown, 
shining leaflets, m. p. 153° (hydrochloride, small, dark blue 

crystals) ; o-tolueneazo-a-naphihyl-p-tolylidenehydrazine, coSee- 
brown crystals, m. p. 152° (hydrochloride, black, shining, crystal- 
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If.nnjihtiylhffdrazinesulphonate, small, reddish-brown needles, and 
'ja.tolmmaso-a-naphlhylhydrazincsuljihonir. acid, violet crystals. 
The latter reacts with anisaldehyde to give m lolucneazo a- 
v a V htfojlannyhdmehydraiine,, small, coffee-brown crystals, m p 
159—160° (hydrochloride, bluish black, crystalline powder). 

H. W. 

0 . and p-Tolueneazoglyoxalines. Frank Lek Pyman 
and Leonard Allan Ravald (T., 1920, 117, 1426—1429). 

Nitro-derivatives and Nitrohydrazones, II. K. Cidsa 
and L. Vecchiotti (Atti R. A read, lined, 1920. [v], 29. ii, 
42 — 47. Compare A., 1912, i, 133; this vol., i. 256).— The 
tendency of the phenylhydrazones of aromatic nitro-aklehydes to 
furnish chromo-isomerides is exhibited to an enhanced degree by 
ihe nitrophenylhydrazones. As regards the cause of this 
isomerism, it has been found previously (A., 1912, i, 33) that, 
whereas benzaldehydephenylhydrazone (1 mol.) forms an additive 
compound with 2 mols. of picryl chloride, each of the phenyl- 
liydrazones of the three nitrobenzaldehydes unites with only 
1 mol. of the chloride, although bemaldehydenitrophenylhydr- 
azone unites with 2 mols. The conclusion is drawn that the points 
of attack in the molecules of trinitrobenzene and its derivatives 
are the phenyl group of the aldehyde and the iminic nitrogen atom, 
fn order to test this conclusion, additive compounds of benz- 
ildehydephenylhydrazone with two different trinitrobenzene deriv- 
atives have been prepared with the hope of obtaining two such 
worn erides as 

C„H„C1(N0,) S CHPhIN-KHPh C 6 H.,Me(NO 0 ), 

met C 0 H;Me(NOj), CHPhiM-NHPh C f ,H.,Cl(NO,j s ; as 

yet, no such isomerides have been obtained. 

The possibility that, in the chromo-isomeric nitrophenylhydr- 
azones, the nitro-group is united internally by secondary valencies 
either to the iminic nitrogen atom or to the phenyl group of the 
aldehyde, is also discussed. 

The experimental results obtained are to be published separately. 

T, H. P. 

The Influence ol Reaction on the Precipitation of Protein 
by Tannin. Torald Sollmann (J. Phn.rrn. expt. Ther., 1920, 16. 
49—59). — The precipitation of proteins by tannin depends on the 
hydrogen-ion concentration of the medium. The application of 
these observations to the clinical use of astringents is discussed. 

J. C. D. 

The Balloelectricity of Amphoteric Substances. C. 

^usistiansen and Johannk Christiansen ( Zeitsch . physiol. 

‘ hem., 1919, 107, 7 — 28). — The isoelectric point of certain sub- 
dances, such as albumin, leucine, etc., is identical with the iso- 
lalloelectric point. Other ampholytes, such as glycine, alanine, 
’tc., show no isoballoelectric point. The authors presume that. 
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this differentiation in balloelectric behaviour of ampholyte ions ij 
connected with the hydration of the ions. S. S. 7, 

Ion Series and the Physical Properties of Proteins, j 

Jacques Loeb (./. Gen. Physiol., 1920, S, 85 — 105). — Experiments 
are described on the influence of acids and alkalis on the osmotic 
pressure of solutions of crystalline egg albumin and of gelatin, and 
on the viscosity of solutions of gelatin. It was found that in all 
cases there was no difference in the effects of hydrochloric, hydro- 
bromic, nitric, acetic, mono-, di-, and tri-chloroacetic, succinic, 
tartaric, citric, and phosphoric acids on these physical properties 
when the solutions of the protein with these different acids have 
the same hydrogen-ion concentration and the same concentration 
of originally isoelectric protein. It was possible to show that in 
all the protein acid salts named, the anion in combination with 
the protein is univalent. 

The strong hibasic sulphuric acid forms protein acid salts with 
a bivalent anion, S0 4 , and the solutions of protein sulphate have 
an osmotic pressure and a viscosity of only half or less than that 
of a protein chloride solution of the same concentration of hydrogen 
ions and originally isoelectric protein. Oxalic acid behaves 
essentially like a weak bibasic acid, although it seems that a small 
part of the acid combines with the protein in the form of bivalent 
anions. It was found that the osmotic pressure and^ viscosity of 
solutions of lithium, sodium, potassium, and ammonium salts of 
a protein are the same at the same hydrogen-ion concentra- 
tion and the same concentration of originally isoeloctrir 
protein. Calcium and barium hydroxides form salts in 
which the cation is bivalent, and the osmotic pressures 
and viscosity of solutions of these two metal proteinates are only 
one-half or less than half of that of sodium proteinato of the same 
concentrations of hvdrogen ion and originally isoelectric protein. 

These results exclude the possibility of expressing the effect o 
acids and alkalis on the osmotic pressure of solutions of gelatin ami 
egg-albumin, and on the viscosity of solutions of gelatin m tin 
form of ion scries. The different results of former workers were 
probably chiefly due lo the fact tlial the effects of acids and alkalis 
on these proteins were compared for the same quantity of ecu 
and alkali instead of for the same }i a . J - C - ® 


A Tripeptide from Casein which contains Tryptophan- 

Sigmund Frankel and Ernst Nassau ( Biochem . Zeitsch., 1 
110 287 — 298).— The tripeptide was prepared in the following 
way.’ Casein was cigested with potassium hydroxide, and, when 
hydrolysis was complete, the solution was neutralised and acidili 
with sulphuric acid. A precipitate was formed. The filtra e « 
treated with 10% sulphuric acid and 10% mercuric sulphate an 
the precipitate thus obtained decomposed with hydrogen sulp 
in the presence of barium carbonate. It was then pun e 
various treatments with ethyl and methyl alcohol and ftnallj ' P 
cipitated as the barium salt from methyl alcohol wit 
• . 1.1. _ r i~ n tj A XT .Pa * flennmu. 1 <■> 


Analysis gave the formula C- (l H ?t O ;(l N l(l Ba ; decomp 


19i s - 
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It was shown to contain 1211,0. The estimation of tryptophan in 
t)ie barium compound showed that the tripeptide contained 2 mole- 
cules of it. It- was also shown to contain one amino-group by 
Van Slyke's method. The tripeptide gave a very weak biuret 
reaction. On hydrolysing it with hydrochloric acid and on 
benzoylating it, (/7-benzoylalanine, m. p. 163°, was obtained. The 
tripeptide has the formula C,-IL, ; 0,N-, and is to be regarded as 
derived from 2 molecules of tryptophan and 1 molecule of alanine, 
with elimination of 2H 2 0. S. S. Z. 

Preparation of Compounds of Nucleic Acid and Yohim- 
bine which Dissolve Readily to Clear Solutions. Ernst 
WeikrRT (D.R.-P. 322996; from Chem. Zentr., 1920, iv, 451). — 
Xucleic acid and yohimbehe liases are mixed in the presence of 
ammonia, or ammonium nucleate is treated with salts of 
yohimbine or the total base of the yohiinbehe bark. Yohimbine 
'nucleate, C 2u H sll O ) N 2 ,C w H- lli O ec N 14 P,, is a yellowish- or greenish- 
white, amorphous powder, which has a feebly acidic taste and 
almost neutral reaction; it is readily soluble in water, and is 
expected to find therapeutic application. H. \V. 

Nuclein Metabolism. VII. Isolation of Crystalline 
Adenosinephosphoric Acid. S. J, Tiiann’iiauser (Zcitsch. physiol. 
Vhem., 1919, 107 , 157—164. Compare A., 1918, i, 316). — A 
mononucleotide, adenosinephosphoric acid, was obtained in the 
following way. The brucine sail of a i riphosphoimcleic acid (A.. 
1918, i. 47) was decomposed with ammonia, and the mixture of 
ammonium salts was further treated with lead acetate. The lead 
salts were then decomposed with hydrogen sulphide and the solu- 
tion concentrated in a vacuum. After twenty-four hours, fine, 
colourless needles separated of adenosinephosphoric acid, m. p, 208° 
(decomp.), [a]^ 1 - 48-03°. The brucine salt has m. p. 180 -182°. 
The nucleotide was hydrolysed with ammonia in the autoclave, and 
adenosinephosphoric acid, as well as the unchanged nucleotide, was 
obtained. S, S. Z. 

The Swelling of Gelatin in Acids. W. R. Atkin [J. Soc. 
leather Tr. Chem .., 1920, 4 . 248). — The quantity e. (see T., 1916, 
109, 307) and the swelling of gelatin by solutions of various mono- 
basic acids are functions of the hydrion concentration of the 
external acid solution, attain a maximum at P H = 2-4, and mini- 
mum at P K - 4'6, the isoelectric point of gelatin. D. W. 

Production of a Contracting Clot in a Gel o! Gelatin 
at the Isoelectric Point. Dorothy Jordan Lloyd ( Biochem . J., 
1920. 14 , 584 — 585). — A sample of highly purified gelatin, pre- 
pared by a slight modification of the method of Dhere and 
Gorgolewski (A., 1910, i, 448). was dissolved in distilled water by 
heating, and cooled to 18°. The reaction of the solution at. this 
temperature was P n — G'09. The gel which formed showed visible 
contraction after twenty-four hours. The experiments demon- 
strate that gelatin gels are unstable al ihc isoelectric point. Small 
quantities of sodium hydroxide have the same stabilising influence 
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as small quantities of hydrochloric acid. The formation of stable 
gels, therefore, is only possible in the presence of electrolytes. 

J. C. D. 

The Free Amino-groups of the Proteins. I. S. Edlbach*r 
{Zeitsch. physiol! Chem ., 1919, 107, 52—72). — The A r -m ethyl 
values of proteins of different origin and composition, such as 
gelatin, casein, globin, Bence-Jones protein, edestin, and pumpkin 
globulin, are of the same order. Clupeine sulphate and sturioe 
sulphate also show similar V -methyl values, whilst esocine sulphate 
and scombrine sulphate are not methylated at all. Gelatin hydro 
lysed with alkali hydroxide for half an hour gives a higher 
iV-methyl value than unhydrolysed gelatin. On hydrolysing 
gelatin with acid, the ratio JV-methyl value/" formol” value falls 
after the first half an hour of hydrolysis to about a half of the 
original value, but remains constant after that. The same fall 
in the ratio of the two values is observed when gelatin and casein 
and clupeine sulphate are hydrolysed by tryptic digestion. 

s. s. z. 

The Preparation of Highly Active Saccharase (Invertase) 
Preparations. Pans Euler and Olof Svanberg {Zeitsch. physiol. 
Chem., 1919, 107, 269— 313).— Various highly potent preparation* 
of saccharase were obtained from autolysed yeast by means of 
precipitation with .alcohol. The potency of the different prepar- 
ations was estimated quantitatively. It was found that about 
two-thirds of the total saccharase of the autolysed yeast remains 
in the pasty part after the juice has been filtered off. The authors 
calculate from the relative activities of one of their purest pre- 
parations and of dried yeast that their preparation of saccharase 
forms about 1 /'100th part by weight of the total dry matter cf the 
cell. Allowing for the moisture of the fresh yeast cell and for 
the saccharase retained by the pasty portion of the autolysed yeast, 
their active preparation would therefore form 1/ 900th part of the 
fresh yeast from which it was prepared. The authors at the same 
time admit that their best preparation is by no means pure. 

s. s. z. 

The Theory of Invertase Action. L. Michaelis and M- 

Rothstein (Biockem. Zeitsch ., 1920, 110, 217 — 233). — Invertase 
combines with one molecule of sucrose, and forms an acid having 
the dissociation constant 3 x 10' 7 . The undissociated molecules of 
this acid decompose spontaneously into the products of the enzynne 
degradation. The a lions, on the other hand, are stable. The 
theory explains the influence of the reaction on the action of the 
enzyme within certain limits of hydrogen-ion concentration^ ^ 

Resistance of Emulsin Enzymes to the Prolonged Action 
of 70% Methyl Alcohol. Marc Bridel (J. Pharm. Ghtni., 19-0, 
[vii], 22, 323 -327). — When emulsin is kept in contact with /O o 
methyl alcohol for five years, the. activity of the enzymes presem 
is diminished, but not destroyed ; the enzymes which act on lactose 
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a ,nl 0 -ethylgalactuside appear to be more resistant than the 
0 -glucosidase. W. P. S. 

Investigations on the Influence of Temperature on 
Enzymes, especially on Rennet and Pepsin. Adolf Kcisio 
(Biochem. Zeitsch ., 1920, 110, 266 — 286). — Rennet and thrombin 
are more stable at high temperatures in concentrated solutions and 
in glycerol than in dilute solutions. The inactivation of rennet 
by heat, may be delayed by increasing the quantity of milk, as it 
contains protective substances. The increase in temperature up 
to a certain limit accelerates the action of rennet. The inactiv- 
ating influence becomes evident only at 45°. The inactivation of 
pepsin and diastase also only becomes apparent at 45°. No differ- 
ence as regards its behaviour to heat, is observed in concentrated 
and in dilute solutions of pepsin. The different behaviour of 
pepsin and rennet as regards heat supports the theory that they 
are different enzymes. S. S. Z. 

Triphenylarsine and Diphenylarsenious Salts. William 
Jackson Tope and Eustace Edenezer Turner (T., 1920, 117, 
1447—1452). 

A New Type o! Compound containing Arsinic. George 

Joseph Burrows and Eustace Ebexezer Turner (T., 1920, 117, 
1373-1383). 

The Theory of Electrolytic Ions. XVIII. Mobility and 
Space filling of Arsinic Acid Ions. Richard Lorf.nz, and 
Erika Schmidt (Zcitsch. anory. Client., 1920, 112, 269 — 277).- — 
The conductivities of the sodium salts of a number of substituted 
phenylarsinic acids (compare this vol., i. 777) have been used to 
calculate the ionic mobilities of the corresponding anions. The 
upper and lower limits of the ionic mobilities were also calculated 
from the “space-filling numbers, ’’ and in every case the mobility 
calculated from the conductivity was below the lower limit calcu- 
lated from the space-filling number (compare this vol., ii, 481). 
The densities of the free acids were determined at 20°, and the 
following values are given: arsanilic, 1*9671; o-aminotolytarsinic, 
1*7475; o-diaminophenylarsinic, 1*8313; dimethylaminophenyl- 
arsinic, 1*6746; m-dihydroxyplienylarsinic, 2*0040; 3-nitro-4- 
aminophenylarsinic, 2*0359; dichlorohydroxyphenylarsinic, 2*1029; 
dihromohydroxyphenylarsinic, 2*4150 ; 3-nitro-4-hydroxyphenyl- 
arsinic, 2*0314; y-phcnylenediarsinic, 2*2025; dinitrohydroxy- 
arsinic, 2*0565. Ivopp's law was applied to calculate the atomic 
volume of arsenic in these compounds, but results ranging from 
11*2 to 33'3 were obtained from different compounds. E. H. R- 

The Diazo -synthesis of Aromatic Arsinic Acids and. its 
Theoretical Significance in Connexion with similar 
Actions. A By-product containing Arsenic. Hans Schmidt 
UnvaJcn, 1920, 421, 159— 174).— The spontaneous and immediate 
evolution of nitrogen and the formation of sodium arsenate during 
the action of diazonium solutions on sodium arsenite have been 
investigated by Konigs and Guttmann (A., 1912, i. 397), whilst 
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subsequently the author and Bart have independently observed 
that the arsinic radicle becomes attached to the nucleus in pl ace 
of the diazogroups (D.R. P. 250264 and 264924), It is jj 0# 
shown that the most favourable conditions for the production 0 j 
phenylarsinic acid from a benzenediazonium salt and many of 
nucleus-substituted derivatives are secured when the alkalinity 0 j 
the solution is so regulated that reaction can occur in accordance 
with the scheme: PhN 2 Cl + As0 3 HK 2 = AsPh0 3 HK + K.C1 + K, 

The process then occurs spontaneously, and the di azo-compound 
rapidly destroyed. In this manner, o-nitrobenzenediazoniun 
chloride gives about 90% of tho theoretical quantity of o-nitro- 
phenylarsinic acid, but the amounts of arsenic-free by-product 
(azo-compounds, etc.) are more considerable in the cases of mam- 
other arsinic acids. In more strongly alkaline solution, the 
reducing action is more generally noticeable, and the yields oi 
arsinic acids are lower. Poorer yields are also observed with a 
benzenediazonium salt in acid solution, but an acid medium is 
favourable when strongly acidic substituents are present in the 
benzene nucleus. 

The theoretical interpretation of the reaction, in which the 
arsenic passes from the ter valent to the quinquevalent condition, 
offers considerable difficulties, but may be generally considered in 
conjunction with a number of other actions (formation of nitro- 
derivatives and sulphonic acids from diazo-compounds and nitrous 
or sulphurous acids and of alkyl-sulphonic, phosphinic, arsinic acid*, 
etc., from alkyl haloids, and the salts of sulphurous, phosphorous, 
and arsenious acids, etc.) which have the common feature that an 
element passes from a lower to a higher valency by intramolecular 
atomic displacement and -without the aid of ail oxidising ageni. 
The case of arsenious acid has been met, to some extent, by con- 
sidering it. to react in the form 0!AsH{0H ) 2 instead of As(OH),, 
but, in the author's opinion, a more general conception is obtained 
by adopting the following hypothesis. The acids H 2 Sn0 2 , IIoS0 :i . 
HN0 2 , [H 3 PO 3 ], HjAsOj, and HgSbOg can exist in modification? 
which -contain one hydrogen atom in a peculiar form, and this 
labile variety becomes stabilised when the hydrogen atom i- 
replaced by an organic radicle. Such replacement occurs when 
the salts of H 2 Sn0 2 , M 2 SO s> HNO._>, (H 3 PO 3 ), and H ;] AsO :l are 
treated with organic haloids, or when II 0 SO 3 ,. HNCb, H 3 AsO ;! , or 
H^SbOg, as acids or salts, react with diazonium compounds, will) 
evolution of nitrogen. The acids mentioned above yield additive 
compounds with alkyl haloids or diazo-compounds in the same 
manner as with oxygen, which, by elimination of alkali haloid or 
water and nitrogen, pass into derivatives of saturated acids with 
central atoms exhibiting higher valency. For the particular case 
under more immediate consideration, the following scheme is 
given : 

P^OH + A S (°l>* - - 

P ^>As<^ +-V«0 
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lu addition to the well-known arsenic-free by-products (such as 
benzene, azobenzene, hydrazobenzene, and aniline), others contain- 
ing arsenic can also be isolated, the chief of which is diphenylyl-4- 
arsinic acid, C 6 HjPh-AsO,H, ; since this substance is not obtained 
from beuzenediazoniiun chloride and phenylarsinic acid, it must 
be assumed that a hydrogen atom of the benzene nucleus becomes 
labile at the moment at which the replacement of the diazo-residue 
by the arsinic group takes place, an explanation of the pheno- 
menon being possibly found in Cain’s method (T., 1907, 91 , 1049) 
J formulating diazo-compounds. 

The preparation of the following individual compounds is 
described in detail: phenylarsinic acid, m. p. 156°; phenyl- p- 
phcnyleiiearsinic [i liphenylyl-i-arsinic ] acid , m. p. not below 300°, 
corresponding chloride, m. p. 78—80° [Lettermaun (l mug. Dies., 
Rostock, 1911) gives m. p. 275° and 74° respectively]; o-m'tro- 
phenylarsinic acid, yellow needles, in. p. about 232° (decomp.) 
when rapidly heated, obtained in 86% yield (tile magnesium salt, 
woolly needles, is described); m-nitrophenylarsinic acid, shining 
leaflets, which pass into the anhydride at a temperature which 
entirely depends on the manner of heating; 2 : V-dinitrodi- 
phenylyl-i-arsinic acid, N O , ■ C - 1 J , • ( ’ fi H 3 f N 0 2 ) • A s O ,H ... pale brown 
powder, which slowly darkens above 230°, but is not molten at 
260°; p-acetylaminophenylarsinic acid; p-aminophenylarsinic acid. 

H. W. 

Quantitative Studies in Chemotherapy. III. The 
Oxidation of Arsphenamine [Salvarsan], Gael Vokutlin and 
Hosier W. Smith (•/. Phann. exp. Ther., 1920, 16 . 199—217. 
Compare this vol., i, 792). — The sodium salts of arsenious acid, 
methyl and ethyl arsenious oxide, phenyl- and diphenyl-arseuious 
oxide, and p-ami nophenyl arsenious oxide are relatively very stable 
(awards atmospheric oxygen. Salvarsan [3 : 3'-diamino-4 :4'-di- 
hydroxyarsenobenzene] dihydrochloride, contrary to the prevalent 
views, is exceedingly stable towards atmospheric oxygen. The 
addition of alkali leads to a rapid increase in I he rate of oxidation . 
The sodium salt of salvarsan is oxidised first to the corresponding 
oxide, and then to the quiuqucvalent compound. m-Amino-p- 
liydroxyphenylarsenious oxide (“ arsenoxidc ”) is oxidised only in 
alkaline solution. 'The nature of the process curve indicates that 
(he reaction is catalysed by a reaction product. 

Neoarsphenamine [neosalvarsan] shows rapid oxidation on 
exposure to air. 

The nature and rate of oxidation of salvarsan and neosalvarsan 
to the corresponding oxides furnish an explanation of the increase 
in toxicity and trypanocidal activity of these compounds when 
their solutions are exposed to air. J. C. D. 

The Colloidal Properties of Aqueous Solutions of 
"Salvarsan,” Z, Klemknsiewicz (Bull. Soc. chim., 1920, [iv], 
27, 820 — 824). — The viscosity of aqueous solutions of salvarsan 
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increases from the moment of preparation, ultimately reaching an 
approximately constant value much higher than the initial value. 
The initial velocity of increase of the viscosity, as well as the final 
value of the viscosity, increase very considerably with the com 
centration of the solution. If a 10% solution, the viscosity „f 
which has reached its final value, is diluted to 4%, a solution i. 
obtained the viscosity of which is higher than the final viscositv 
of a 4% solution prepared directly from salvarsan. The viscositv 
of the diluted solution diminishes, however, on keeping to if, 
correct value. Rise in temperature increases the rate at which a 
solution attains its final viscosity, but diminishes the value of the 
latter. The presence of acid or alkali has a marked effect on the 
viscosity of salvarsan solutions. W. G, 

The Diazo-synthesis of Aromatic Stibinic Acids and the 
Investigation of their Polymeric Constitution. Aromatic 
Derivatives of Antimony Pentachloride and its Additive 
Compounds. Hans Schmidt ( Annalen , 1920, 421, 174—248, 
Compare Hasenbaumer, A., 1899, i, 209; Michaelis and Gunther, 
A., 1911, i, 1056; Morgan and Micklethwait, T., 1911, 99, 2286; 
May, T., 1912, 101, 1033; Griitlner and Wiernik, A., 1916, i, 96, 
98).— Arylstibinic acids are readily prepared by the action of 
diazo-compounds on antimonious acid and its salts. In contrast to 
the similar reaction with arsenious acid, the method may even bt 
applied in concentrated alkaline solution, although when strongly 
acidic substituents are. present in the nucleus, it is frequently 
preferable to operate in neutral or acid solution. The arylstibinic 
acids are shown, in general, to be derived from polymerised anti 
manic acids, and to be pronouncedly colloidal in their properties. 
The reactions indicated by the scheme 

Ph'SbO„«H,0 -> Ph'Sb(X( — ;*PhSblSbPh) -> 

‘ " ' Ph 2 SbCl ->■ PhjSb, 

have been realised, whereas previously they have only been accom- 
plished with difficulty in the reverse direction. 

Phenylstibinio acid is prepared by the gradual addition of i 
solution of antimony oxide in hydrochloric acid to benzene- 
diazenium chloride, and subsequent treatment with an excess ol 
sodium hydroxide solution, when copious eyplution of nitrogen 
immediately occurs; alternatively, May’s additive compound o 
benzeuediazonium chloride and antimony trichloride is treats 
with an excess of cold dilute sodium hydroxide solution, whereupon 
nitrogen is gradual.y evolved. The crude product is best purine 
by conversion into the double salt of phenylstibine tetrachlon e 
and ammonium chloride (see later), which is subsequently decom- 
posed by water. Analyses of phenylstibinio acid give results « 
agreement with the formula; (3Ph'Sb0 2 ,H,0)/(Ho0 and 
(3Ph-Sb0 z ,2H,0)nir,,0, _ 

but more information with regard to its constitution is ael |' el 
from a study of its behaviour towards alkali. It is found ttia 
considerably less than one molecular proportion of alkali is requn ' 
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to effect the solution of phenylstibinic acid, and that a solution 
prepared m this manner gradually becomes increasingly acid until 
a final point is reached. The phenomenon is caused by poly- 
merisation and depolymerisation. The precipitated isolated 
phenylstibinic acid is a polymeric form, which is slowly decomposed 
to the unimolecular form m solution in the presence of alkali the 
latter is only stable in the form of its alkali salts, and when 
liberated becomes again polymerised . Initial neutralisation 
occurs when the ratio Na:Sb is approximately 1:3, thus pointing 
to a tnmolecular formula, probably 6 

OH-SbOPh-OSbOl’h-O-SbOPh-OH 
but possibly admixed with 0H-SbOPh-O-SbPh(OH)'-O-SbOPh-OH ■ 
the final neutralisation value is somewhat less than" that calculated 
for complete conversion into the unimolecular form but this 
observation rests on the assumption that the colour change occurs 
with phenolphthalem when sodium hydroxide and the stibinic acid 
are mixed in molecular proportions. Phenylstibinic acid uniles 
with hydrogen sulphide to yield pale yellow sulphides which are 
decomposed when warmed, with partial formation of antimony 
sulphide. Phenylstibine tetrachloride, PbSbCl 4 , is obtained when 
phenylstibinic acid is treated with concentrated hydrochloric acid 
and the solution ovaporated at a moderate temperature- the 
freshly prepared substance lias m. p. 60—65°, which rises to about 
100° when it is preserved for some weeks in a vacuum, but partial 
decomposition takes place simultaneously. When heated, it dis- 
sociates into chlorine and dichlorophenyistibine, and the latter is 
further decomposed into chlorodiphenylstibine and antimony 
chloride. Its solution in concentrated hydrochloric acid unites 
with ammonium chloride, giving SbCl 5 PhNH„ pale yellow, 
voluminous powder, which does not change below 260°, and similar 
salts are formed with the hydrochlorides of aniline, dimethyl- 
aniline, pyridine, quinoline, dicyandiamidine, guanidine carb- 
amide, ethylaniline, and allylamine; methyl- and ethyl-amines 
behave somewhat differently, yielding precipitates, which are 
initially white, but rapidly become yellow. 

m-Nitrophenylstibinic acid, [3(N0 2 -C 6 H 4 -Sb0 2 ),2H 2 0],3H 2 0 
(compare Morgan and Micklethwait, loc. cit.), is prepared by the 
nitration of phenylstibinic acid by nitric acid (D T515), or by 
nitric and sulphuric acids at the ordinary temperature; it is more 
rapidly depolymerised by alkali than the parent acid. The corre- 
sponding chloride, N0 2 'C 6 H 4 'SbCl 4 .TT 2 0, m. p. 140° (decomp.), 
and double ammonium chloride, colourless crystals ( ! (IT.O), which 
soften above 235°, are described. The acid is also obtained, but less 
advantageously, by the action of m-nitrobenzenediazonium chloride 
°n potassium antimonyl tartrate in faintly acid solution. o-Nitro- 
pienyhtibinic acid forms a pale yellowish-brown powder, which 
remains unchanged below 285°, and with alcoholic hydrogen 
c londe gives the corresponding chloride, crystalline leaflets, m. p 
about 127°. p-Chlorophenylstihinic acid, 

[3(C 6 H 4 Cl-Sb0 2 ),2H 2 0],3H 2 0, 
voi. cxvnr. i. ii 
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closely resembles phenylstibinic acid; it is converted by hydro- 
chloric acid into an unstable, yellow chloride, which gives the 
corresponding double ammonium chloride, lemon-yellow precipitate 
which remains unchanged below 250°. p -Chloro-m-nitrophenyl. 
stibinic acid forms an almost colourless powder, which is unaltered 
below 285°; the chloride , N 0 2 *C 6 H 3 C1 • SbCl 4 , 5 H„0 , has m. p. about 
80° after previous softening, whilst the mcmohydrate softens at 
about 122°; the double ammonium chloride, 

(N0 2 -C 5 H ? Cl-SbCl 4 ) 2 NH 3 ,8H 2 0, 

forms a colourless, voluminous precipitate, m. p. above 220° 
(decomp.) after previous softening. With the acids in general, it 
is found that the presence of acid substituents causes a marked 
acceleration of the process of hydration, whilst the basic amino 
group effects a distinct retardation. m-Nitro-'p-hydroxyphenyl 
stibinic acid, [3(N0 2 *C 3 H 3 (0 H )‘Sb0 2 ),21I 2 0],5IJ 2 0, prepared by 
the action of concentrated aqueous potassium hydroxide on the 
corresponding chloro-acid, is a yellowish-brown powder, which 
gradually darkens above 230°; the corresponding chloride and 
double ammonium chloride are stable substances. p-Anisylstibinic 
acid gives a remarkably unstable chloride. 

The possibility of preparing the phenylstibinic acids readily and 
in good yield has rendered the isolation of the antimonylaryls a 
comparatively easy matter, and many of them are described. In 
general, they are amorphous substances, in which the acidic 
properties of antimony oxide are no longer manifest ; with halogen 
acids, on the other hand, they form characteristic compounds. 
ArSbHalj, in which the halogen is either not hydrolytically 
removed or is replaced with greater difficulty than in antimony 
chloride. When heated alone or in certain solvents, they tend to 
decompose, according to the scheme Ph-SbO — > (Ph 2 Sb) 2 0 — > 
Ph 3 Sb, the action being both positively and negatively catalysed 
by a number of reagents in an apparently irregular manner. Tie 
physiological action of derivatives of tervalent differ markedly 
from those of quinquevalent antimony, since the former vigorously 
attack the skin and mucous membrane. Phenylstibine oxide. 
SbPhO, voluminous powder, which softens at 153 — 154° (Hasen 
baumer, loc. cit., gives m, p. 150°), is prepared by the action of 
sulphur dioxide in the presence of a little sodium iodide on an 
ice-cold aqueous methyl-alcoholic solution of phenylstibinic acid 
and concentrated hydrochloric acid ; the iodide, SbPhI 2 , forms 
golden-yellow needle, m. p. 69°, whilst the chloride, colourless 
needles or plates, has m. p. 62° (Hasenbaumer gives m. p. 58 c . 
whilst Griittner and Wismick describe the substance as an oil). 
Addition of water to the alcoholic solution of the haloids causes 
the formation of oxyhaloids. Energetic reduction of phenyl 
stibinic acid or phenylstibine oxide leads to the formation of stibto- 
benzenc, PhSbISbPh, brown, amorphous powder, which gradually 
darkens above 160°, and finally softens to a black mass, and 
is extraordinarily susceptible to atmospheric oxidation ; the proper 
ties of the product depend considerably on the mode of reduction. 
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which is preferably effected with sodium liypophosphite in acetone- 
glacial acetic acid solution. 

S w-Nitrophenylstibinic acid is reduced by stannous chloride and 
saturated alcoholic hydrogen chloride to in am inoph e nyld ichloro - 
stibine hydrochloride, SbCl.,*C 6 H 4 *NH 2 ,HCi, colourless needles, 
in. p. 218° (decomp.), which is converted by sodium iodide into 
m .(,i)mtophenyldt-wdosUbine hydriodtde , golden-yellow pre- 
cipitate, m. p. 160° (decomp.). Cautious treatment with water 
aud ammonia transforms the chloride into m-aminophenylstibine 
oxide, colourless, amorphous powder, which shrinks at about 170° 
and readily undergoes decomposition; it is oxidised by hydrogen 
peroxide to m-aminophenylstibinic acid, 

• [3(NIi,-C 0 H t -SbO 2 ),H,O],4H,O 

(the sodium salt aud the sulphate are described), which is trans- 
formed by hydrochloric acid into m-aminophenyhtibinc tetra- 
chloride hydrochloride, colourless crystals ( [ PoILO), which 
blacken above 190°. (Some of these substances 'have been 
described previously by May, aud the discrepancies between his 
data and those of the present author are due to the contamination 
cf Mays products with di- and tri-antimony derivatives.) 
Energetic reduction with sodium hypophosphitc converts 
m-amiiiophenyldichloroslibine hydrochloride into mm '-diammo- 
ttibiobemeite, dark brown powder, which shrinks to a black mass 
above 120°, and is very readily oxidised. p -Chloro-m-umiim- 
pl eiiyld ie hi orostibine hydrochloride forms colourless needles, 
m. p. about 153° (decomp.), and is converted by cold dilute 
ammonia into p-chloro-m-aminostibine oxide. 

A considerable number of niarylantimony-compounds are 
described (compare Michaelis and Reese, A., 1886, 885; Michaelis 
and Gunther, loc. cit.) ; the diarylstibinic acids are prepared by 
the oxidation of the diarylstibine oxides or by the action of 
antimonylaryis on diazo-compounds, Ar l N.,Cl + Ar n SbO + 2KOH = 
Ar'Ari'SbOOK + Nj+KCl, the latter procedure permitting the 
introduction of dissimilar radicles into tho acid molecule. They 
differ considerably from the monoarylstibinic acids in their 
tendency towards polymerisation, and their behaviour towards 
alkali does not enable such definite conclusions to be drawn as in 
fhe case of the simpler compounds. 

Diphenylstibine oxide, 0(SbPh,).-,, m. p. 78 — 80°, is prepared by 
heating phenylstibine oxide in a current of dry carbon dioxide at 
100°, or by the action of tartaric acid on a solution of the substance 
in glacial acetic acid at the ordinary temperature; it is reduced 
by hypophosphorous acid to> a yellow compound, presumably tetra- 
phenyldistibine, Ph 2 Sb'SbPh„, converted by hydrochloric acid into 
chlcrodiphenylstibine, m. p. 68°, and oxidised by hydrogen per- 
oxide in alcoholic alkaline solution to diphenylstibinie acid, m. p. 
about 285°. ni- A min odipkenylstib in ic acid, 

NH 2 -C 6 H 4 -SbPh0-0H J H,0, 

from diazotised aniline and dichlaro-w-aniinoplienylstibine hydro- 
chloride in the presence of excess of alkali, is a colourless powder 

l l* 
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which, softens at about 200°, and is readily converted into the 
chloride, which gradually darkens when heated above 200- 
Chloro-wim'-diarninodiphenylstibine hydrochloride, colour!^ 
needles, in. p. 215° (deconip.) (compare Morgan and Mickle- 
thwait, he. cit.), yields hydroxy-Mm'-diaminodiphenylstibice 
which softens indefinitely above 70°, and is oxidised by hydrogen 
peroxide to ww^-diaminodiphenylstibinic acid, 
(NH./C e H 4 ) 2 :SbO-OH,0-5H 2 O, 

deconip. about 230° (m m'-diaminodiphenylstibine chloride hydrtj- 
chloride remains unchanged below 250°). 

Triphenylstibine, m. p. 53°, results when phenylstibine oxide 7 
heated in a stream of dry carbon dioxide at 180 — 200°. Tri u t . 
aminotriphenylstibine exists in an amorphous, hydrated form 
( which softens above 80°, and a crystalline variety, 

m. p. 124°. The former can be converted into the latter by 
crystallisation from alcohol, the reverse change being effected bv 
solution in hydrochloric acid and precipitation with ammonia. 

The estimation of antimony is effected by one of tho following 
methods. Arylstibine oxides and triarylstibines, which contain all 
amino-group attached to tho benzene nucleus, can frequently W 
directly titrated with iodine in very dilute faintly acid solution, 
If the stibine oxide is devoid of a group conferring the property 
of solubility in water, a suitable bicarbonate-alkaline solution can 
generally be obtained with the aid of tartaric acid and organic 
solvents. Alternatively, about 1/1000 molecule of the substance 
is mixed in a Kjeldahl flask with sodium chloride (O' 2 gram) and 
sodium hydrogen sulphate (3 grams), and boiled during an hour 
with a mixture of nitric acid (D T49; 1*5 c.c.) and concentrate! 
sulphuric acid (10 c.c.). After cooling, ammonium sulphate 
(1 gram) is added, and the mixture is boiled for thirty minute 
to remove nitric acid ; it is subsequently diluted to about 300 c.c.. 
and, after addition of 5T-hydrochloric acid (20 c.c.), is reduces 
with sulphur dioxide and potassium bromide. The antimony is 
Anally estimated by titration with A/ 10-iodine in bicarbonate- 
alkaline solution. H. \Y. 

Action of Mercaptans and Hydrogen Sulphide on 
o-Chloromercuribenzoyl Chloride. Georg Sacks (Ber., 1920. 
53, [#], 1737 — 1745). — o-Chloromercuribenzoyl chloride cae. 
possibly react with the sulph-hydryl group in accordance win 
either of the schemes: 

ClHg*C 6 iI 4 * COCl + HS- — ClHg- C^H^CO ■ S- + HC1 

and ClHg*C 6 H 4 *COCl + HS- = -S*Hg-C 6 H 4 -COCl + HC1. Witfc 
mercaptans, the reaction follows the first course, with hydrogen 
sulphide the second. An explanation of the failure of the -Hgt 
group to react with mercaptans is found in the observation ihai 
whilst chloromercuribenzoic acid and phenylmercurichloride l| c 
not react with mercaptans in acetone solution, even when heated 
on the water-bath, sodium chloromercuribenzoate and ethp 
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mercaptan readily yield ethylthiomercuribenzoic acid at the 
ordinary temperature : 

ClHg-C 6 H 4 -CO,N a + H SEt = SEt-Hg-C s H 4 - CO.,11 + NaCl 
Reaction therefore appears to take place only when the liberated 
hydrochloric acid is immediately neutralised. This circumstance 
liken in conjunction with signs of ready hydrolysis of the 
mercapto-acids, indicates that this new class of substances is to be 
regarded as salts of a very weak acid, in „hi c h the specific rela- 
tionship of mercury to sulphur does not play an important part 
Reaction between mercaptans and phenylniercurichloride or chloro- 
mercunbenzoic acid takes place at 150°, and leads to rupture of 
lhc mercury-carbon bond: ClHg-C, i H ( -CO.H + HSEt = PJrC0„H + 
ClHg'S'Et. Similar fission occurs when' sulphidomercuribenzoyl 
chloride is treated with boiling methyl alcohol; mercuric sulphide 
is precipitated, as is usual with this type of sulphide and in 
addition, the remainder of the molecule decomposes smoothly under 
the influence of the liberated hydrogen chloride 1 

S(Hg-C (1 H 1 -COCl) z + 2MeOH = 

ClHg-C c H 4 -C0 2 Me + Ph-CO,Me + HgS + IIC1 . 
The following substances are described: a-cMoromerairibnrm/l 
chloride, needles, which melt incompletely at 173-5°, is prepared 
together with small amounts of an amorphous substance, by (lie 
action of thionyl chloride on hydroxymercuribenzoic anhydride, 

C s H 4 < Hg > 0 (if is remarkable that o-chloromercuri benzoic acid 
does not react with thionyl chloride, whilst o-ethylthiomercuri- 
benzoie acid gives chloromercuribenzoic acid and smaller amounts 
of highly decomposed substances); sulphidomercuribenzoyl 
chloride, b(Hg-C 8 H 4 , COCl) 2 , pale yellow precipitate, which does 
not melt below 230°, obtained by the interaction of chloromercuri- 
benzoyl chloride and hydrogen sulphide in dry ethereal solution • 
methyl o-cliloromercuribonzoate, m. p. 181-5— 182° (Schrautlq 

Schoeller, and Hueter, this vol., i, 455, give m. p. 142 162°)' 

which after some months had fallen to 149— 149-5°, and could not 
then be restored to its original value; ethyl o-chloroinercurilhio- 
benioate , ClHg-C 6 H 4 -CO-SEt, yellow, microscopic, rhombic leaflets, 
m. p. 142-5—144-5°; ethylthiomercurichloride; ethylthiomercuri- 
benioic acid, m. p. 138-5—140° to a turbid liquid, which immedi- 
ately blackens, owing to separation of mercuric sulphide. 

H. W. 

Mercury Derivatives of Substances with Multiple Bonds. 

W.Manchot, F. Bossenecker, and F. Mahelein (Anitalen, 

421, 316- 330). -The mercuration of benzene derivatives 
" Inch contain a double bond in the side-chain has been investigated ; 
tile results obtained are similar to those recorded with ethylene 
(this vol.’ 1 , 720), and thus further confirm the authors' conclusion 
at these substances are to be regarded as additive compounds, 
bafrole is readily dissolved by aqueous mercuric acetate solution 
a oU , and the product is converted by aqueous sodium chloride 
nt0 the ^stance, CH 2 O 2 :C 0 H 3 -CH 2 -CIi:CH 2 ,HgU-OH, colourless, 

l l* 2 
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well-defined, stable, monoelinic prisms, m. p. 136—137°, 
is immediately decomposed by dilute hydrochloric acid, with 
regeneration of safrole; the corresponding bromide, colourless 
silky needles, m. p. 144 — 145°, and the iodide , slender needles 
m. p. 152‘5°, are similarly prepared. The mercury atom is com. 
paratively firmly retained in all these compounds. The free hast 
is readily obtained in aqueous solution by the action of silver 
oxide on the bromide; it is faintly alkaline to litmus, but 
not give a coloration with phenolphthalein. In a similar manner 
eugenol methyl ether yields the compound, C n H I5 CyHgCl, colour' 
less needles, m. p. 112‘5°, but the preparation is rendered un 
usually difficult by the formation of smeary masses. Eugeno 
itself, on the other hand, does not yield a well-defined produci 
when molar proportions of the components are taken ; when, how- 
ever, three molecules of mercuric acetate react with one molecule 
of eugenol, a very sparingly soluble product is obtained, which 
contains two atoms of mercury (a similar substance can also be 
prepared from safrole). Mercuration of phenyl ethylene gives 
more complex products, investigation of which is not quite com- 
pleted; it is, however, established that addition of basic mercury 
salts occurs, and that the products, in part at any rate, do do; 
retain the mercury firmly. Styrenes, which contain a terminal 
methyl group in the side-chain (?.sosafrole, isoeugenol), behave 
differently, causing reduction of the mercury salt, as does /3-nietlni 
butylene. 

Estimation of mercury is conveniently effected as follows. The 
substance is gently boiled under a reflux condenser with hydro 
chloric acid (20%; 20 c.c.) and concentrated hydrogen peroxide 
(3 c.c.) during three to four hours. Organic matter is remove 
by filtration, and the residue is thoroughly washed. The mercur 
is precipitated in the filtrate by hydrogen sulphide. The pri 
cipitated mercuric sulphide is collected in a Gooch crucible, as 
freed from organic matter and uncombined sulphur by beiu 
washed successively with hot water, alcohol, pyridine, alcohol, ware 
carbon disulphide, alcohol, and ether; it is dried at 110° uut 
constant in weight. The process gives very accurate results, an; 
shows that the high values obtained previously are mainly due ti 
contamination of the mercuric sulphide by organic matter. 

H. W. 


Physiological Chemistry;. 


A Method ior the Graphic Representation oi Chernies 1 
Compounds and Reactions. Otto I.iesche (Biochan. Zeilsti- 
1920, 105 , 282 — 304). — A theoretical paper dealing with 
application of the graphic representation of chemical compound 
and reactions to biochemistry. S, S. 
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Catalysis. VII. Temperature-coefficient oi Physio- 
logical Processes. Nil Ratan Dear (Proc. K. Akad. WiUnsch. 
Imsterdain, 1920, 23, 44—49). — Physiulogieal processes take 
*, ce mostly in heterogeneous media. The Brownian movement of 
[he colloid particles present in the reacting substances does away 
with the diffusion layer characteristic of heterogeneous reactions, 
ud makes the physiological reactions similar to positively catalysed 
reactions taking place in homogeneous media. Consequently, the 
temperature-coefficients of physiological processes, instead of being 
mall (about 1-2), are usually greater than 2 for a rise of 10°. 
The spontaneous destruction of certain toxins is greatly influenced 
by temperature, a factor of importance in fever, when the poison 
is destroyed very rapidly. Before the destructive effect of tempera- 
ture sets in, the Arrhenius formula connecting temperature and 
reaction velocity is generally applicable to physiological processes 

(compare A., 1919, i>, 404). J. R- R- 


The Presence of Glycuronic Acids in Human Blood. 
Preliminary Note. Wilhelm Stepp ( Zeitsch . physiol. Chem., 
1919 107. 264 — 263). — Several samples of blood from normal, 
diabetic, and nephritic patients were examined for glycuronic acid 
by the naphtharesorcinol reaction. All the samples examined gave 
a " positive reaction, the blood of the nephritic patients in the 
azotemia stage giving the most intense coloration. The reaction 
in the case of the diabetics showed varying intensity. The orcinol 
am! phloroglncinol reactions were also employed in the latter case, 


The Reducing Substances of Blood. Comparative Esti- 
mations of " Blood Sugar ” by means of Reduction, Polar- 
isation, and Fermentation in Several Cases of Diabetes and 
Nephritis. Wilhelm Stepp (Zeitsch. physiol. Chem., 1919, 107, 

29 -44).— Estimations of blood sugar in the blood of diabetic and 

nephritic patients with Lohnstein's ‘precision fermentation 
saccharimeter ’’ give figures similar to those obtained by polari- 
metric estimations. As tho reducing power shown by blood is 
always in excess of that theoretically required by the amount of 
olood sugar estimated polarimetricaily, it is to be deduced that 
reducing substances other than dextrose are responsible for this, 
Certain samples of blood of diabetic patients, when concentrated, 
five a lower reducing value than the equivalent quantity of 
iriginal blood, which suggests that some of the reducing substances 
ire volatile. In one instance, the reduction of Fehlings solution 
>Y the distillate has actually been established. As the concen- 
rated blood samples still show a higher reducing power than that 
xpected from the polarisation and fermentation figures, it may be 
issumed that, besides volatile, there are non-volatile reducing 
ubstances in blood which cannot, be identified with dextrose. 

S. S. Z. 
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The Physiological Distribution oi Sugar in Plasma and 
Corpuscles. R. Brinkman ami (Frl.) E, van Dam ( Biocha, 

Zeitsch., 1920, 105, 93 — 95). — The erythrocytes of human a]] , 
frog’s blood do not contain sugar; they only become permeable to 
it after the blood has clotted . Corpuscles, however, in blood which 
is prevented from clotting by sodium fluoride, oxalate, or hirndii 
become permeable to sugar. This is explained by the fact that 
the early phases of clotting are not hindered bv these reagents 

s. s. z. 

The Nomenclature of the so-called Accessory Pood 
Factors (Vitamins). Jack Cecil Drummond ( Biochem . 1905 
14, 660). — It is suggested that the name vitamin be employed for 
these unidentified substances, and that they be individuallr 
referred to as vit.amin-.-l , IS, -C, etc. Dropping the final ‘Vis 
the original word vitamine, introduced by Funk, removes the 
objections to that word. J. C. D 

Researches on the Fat soluble Accessory Substance. IIL 
Technique for carrying out Feeding Tests forVitamin.l (Fat 
soluble-,1). Jack Cecil Drummond and Katharine Hope Coavash 
( Biochem.. J., 1920, 14, 661 — 664). — Great care should hi 
employed to ensure that the basal diet is free from this vitamin. 

J. C.D. 

Researches on the Fat-soluble Accessory Substance. V 
The Nutritive Value of Animal and Vegetable Oils and 
Fats Considered in Relation to their Colour. Jack Cech 
Drummond and Katharine Hope Coward ( Biochem . J., 1920,11 
668— 677).— No hard-and-fast line can bo drawn between the 
animal and vegetable oils and fats when their value as a source c: 
vitamin-4 is considered. As a class, the animal fats are superior 
in this respect to the vegetable oils, but some members of the latte 
class, for example, palm oil, may be valuable sources of the vitamin 
The presence of lipochrome pigments cannot be regarded as r 
certain indication of the presence of the vitamin-A . The nutrife 
value of an animal oil is largely dependent on the diet which ft 
animal has received. Both animal and vegetable oils and fa! 
probably lose vitamin during purification and refining. 


Cuoriu. Hugh MacLean and William James Griffiths [Be 
chum. ,7., 1920. 14, 615— 617).— Cuorin, described by Erlanfe 
(A.. 1907, i, 371), is not a chemical unit, but, results from decal 
position taking place in the tissues during the processes utn.-. 
for the extraction of the lipins. _ . .. 

The only phosphatidcs present in animal tissues are 
kepbalin, and sphingomyelin. ^ 


Primary and Secondary Phenol Reaction. Mu® 
Antagonism of a-Naphthol and p-Phenylenedimeti ; 
diamine in Daphnidece. W. Lof.le (Zentr. allg. Pathol f 
Anat., 30, 614—617; from Ghem. Zentr., 1920, iii, 493 ).— Acc 
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ing (o Gierke and Graeir, naphthol dissolves the labile oxydases 
(protective colloids of the muscles against foreign substances). 
These oxydases, which are probably cyclic amines with aklehydic 
character, are termed aldamines by I he author. They are particu- 
larly noticeable where the cells have a markedly protective 
character. They may be classified as: (1) primary aldamines (a) 
yielding the naphthol reaction without treatment with form- 
aldehyde, and (b) giving a positive naphthol reaction only after 
addition of formaldehyde, and (2) secondary aldamines showing 
(„) granular reaction, and (b) nucleus reaction. Substances belong- 
ing 0 ^ the first, group are found in the graimla of a - and S-leuco- 
cvtes and in the cell of the snail, and do not appear to be associated 
with any particular form of cell. Members of the sub-group, b, 
are present in the mucus cells of the black snail. The secondary 
aldamines, which are formed by the action of primary aldamines. 
have the greater importance. ' H. W. 

The Distribution oi Inorganic Iron in Plant and 
Animal Tissues. Hunky Wallace Jones (Biochm. J., 1920, 
14, 654—659). — By microchemical methods, the author has traced 
the occurrence of inorganic iron in a large number of organisms. 
Inorganic iron is more widely distributed throughout animal and 
plant tissues than is generally realised, and the lower organisms 
in both cases give the reaction more markedly than the higher ones. 
Aquatic animals contain more than land animals, and foetal tissues 
are richer than adult tissues. J. C. D. 

Biochemical Studies on Marine Organisms. I. The 
Occurrence of Copper. William C. Rose and Meyer 
Bodansky (/. Biol. Client., 1920, 44. 99— 112). — Numerous 
analyses are recorded, and it is believed that copper is a normal, 
and possibly an essential, constituent of marine animals. 

J. C. D. 


The Distribution of Zinc in the Organism of the Horse. 

Gabriel Bertrand and R. Vladesco ( Compt . rend., 1920, 171. 
744 — 746).— All the organs and tissues of the horse contain notable 
proportions of zinc, the amounts found varying from 3 —36 mg. 
per 100 grams of fresh material. Not only does the amount of 
zinc vary considerably from one organ or tissue to another, but also 
from one animal to another. M. G. 


Excretion of Formic Acid from the Human Organism 
after the Administration oi Methyl Alcohol, Hexa- 
methylenetetramine, Sodium Formate, Sodium Lactate, 
and Dextrose. W. Authnrietu (Arch. Pharm., 1920, 258, 
15 — 33). — Formic acid is a normal and fairly constantly occurring 
constituent of human urine, varying in quantity within somewhat 
wide limits with different, individuals and with varying diet, but 
from 0‘5 — 0' 65 gram per forty-eight hours, or an average of about 
0'28 gram per day, may be regarded as a normal amount. Adminis- 
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tration of methyl alcohol causes a notable increase in the formj 
acid excreted, particularly on the third and fourth day following 
the total excess over the normal representing about 5% of 
methyl alcohol taken. The mere presence of formic acid in tk e 
urine is accordingly insufficient to establish methyl alcohol poison, 
ing. In such a case, a quantitative examination indicating some- 
thing of the order of 1 gram of formic acid per day is essential 
In no case was formaldehyde found in the urine after the adminis 
tration of methyl alcohol, although possibly traces of the latter 
might be found unchanged. This, together with the fact that 
after the administration of hexamethylenetetramine (urotropinel 
large quantities of formaldehyde, but no increase in the amount 
of formic acid, were found in the urine, shows that formaldehyde 
is not, as has been supposed, an intermediate product of oxidation 
in the animal organism. Formic acid, administered as its sodium 
salt, underwent partial combustion, 18% only being found un. 
changed in the urine. Neither sodium lactate nor dextrose caused 
any abnormal increase in the excretion of formic acid, even when 
administered in large quantities. G. F. JJ, 

The Physical Theory of Pharmacological Actions. 

I. Traube (Biochem. Ze.iisch., 1920, 105, 115 — 116). — A reply to 
Heubner (this vol., i, 791). g. g. 2 

The Narcosis Theory. Emeu Knaffl-Lf-nz ( Biochem . Zeitsch., 
1920, 105, 88— 92).- -A reply to Winterstein (A., 1917, i, 68) anu 
Traube ( Pfh'iffer’s Archiv, 1919, 176, 72). g. g, % 

Fate of /3-NaphthyIamine in the Organism of the Dog. 

Engel ( Zentr . Ce.me.rbe.hyg. UnfaUverhiit., 8, 816; from Chtm. 
Zentr., 1920, iii. 495). — 3-Naphthylamine hydrochloride (10 and 
0'5 gram) was administered to two dogs which were in a condition 
of nitrogen equilibrium and had a constant nitrogen and sulphur 
elimination. Signs of illness were not observed. After the injec- 
tion, the amounts of ethylsulphuric acid and glycuronic acid in the 
urine were increased, and this lasted for five to six days. The Tati# 
of the two acids indicated that much the greater part of the amins 
is eliminated in conjunction with the ethylsulphuric acid, at any 
rate in the case of carnivorous animals. In one experiment with 
a carbohydrate diet, only one-fourth of the amine was associated 
with ethylsulphuric acid, the remainder with glycuronic acid. 
The increment in the amounts of the two acids eliminated, 
amounted in one experiment to 0 725 and 0 486 gram respectively. 
Assuming that oily aminonaphthols are formed, this would 
correspond with 1444 grams of jS-naphthylamine, which is more 
than was actually administered ; it appears, therefore, that dihvdr- 
oxynaphthylamines are also formed. Unchanged ^-naphthyl- 
amine could not be detected in the urine. H. Vt. 

A Toxicological Study of some Alcohols, with especial 
reference to Isomerides. David I. Hacht (J. Pham, er.pt. 
Ther., 1920, 16, 1 — 10). — The toxicity of the normal aliphatic 
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alcohols, methyl, ethyl, butyl, and amyl, increases with their 
place in the homologous series. 

V Secondary propyl, butyl, and amyl alcohols were found to be 
l e5 s toxic than the corresponding primary alcohols. 

In discussing the toxicity of alcohols, a distinction should be 
drawn between the acute or immediate, and the secondary or 
remoter, effects of the drugs. J. C. D. 


Chemistry of Vegetable Physiology and Agriculture. 


The Production of Acetaldehyde by certain Pentose 
Fermenting Bacteria. W. H. Peterson and E. B. Fred (J. Biol. 
Chm „ 1920, 44 , 29— 4.6) —In the fermentation of carbohydrates 
by three types of pentose-fermenting organisms (an organism 
related to- the colon -rerogenes group, Bacillus acetoethylicum , and 
luciobacillm pentoaccticus), acetaldehyde is produced when a 
fixative, such as sodium or calcium bisulphite, is added. The maxi- 
mum yield is from xylose, hut. the amount found is proportional 
to the amount of fixative added. The production of acetaldehyde 
is correlated with the production of alcohol. An increase in the 
former results in a decrease in the latter. The production of 
acetaldehyde is associated with a high production of volatile acid. 
These results illustrate the intimate relations which exist between 
the balanced processes of oxidation and reduction in the ferment- 
ing solution. 

The production of acetaldehyde by the acetone forming organism, 
li. acetoethylicum , is of particular interest, since it is possible that, 
through condensation of the aldehyde and subsequent processes of 
oxidation and decarboxylation, the acetone is formed. 

An attempt to correlate the production of acetaldehyde with 
Neuberg’s theory, that pyruvic acid is an intermediate product in 
sugar fermentation, did not give conclusive results. Pyruvic acid 
and its sodium salt are fermented to a greater or less extent by all 
three types of bacteria. Among the products formed are carbon 
dioxide, hydrogen, and a volatile acid. These products were also 
formed when pyruvic acid was fermented in the presence of sodium 
sulphite, but no trace of acetaldehyde was found. J. C. D. 

New Methods of Analysis of Hydrocarbons with the Aid 
of Bacteria. Jeno Tausz and Marta Peter ifientr. Bakt. Par., 
1919, II, 49 , 497 — 554). — The authors, have isolated from garden 
soil three new bacteria, namely, Bacterium aliphaticum, B. 
aliphatic um liquefaciens, and Paraffin bacterium. The actions of 
these bacteria on pure synthetic hydrocarbons and on mixtures 
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of paraffins and naphthenes have been investigated, the hydro, 
carbons tested comprising u-hexane, n-octane, f3?j-dimethyloctaiie 
hexadeeane, triacontane, and tetratriacontane ; n-hexylen e 
n-oct-ylene, and hexadecylene ; ryr/ohexano, . methylcyc/ohexane, 

1 : 3-dimethyb:i/c?ohexaue, 1:3: 4-trimethylcycMiexane, and f r ;' 
cyc/odecane; benzene, toluene, m- and ^-xylenes. The hydro, 
carbons were used as the sole source of carbon in solutions o! 
inorganic nutrient materials. 

B. aliphalicum attacks all the paraffins mentioned, and also 
n-octylene and hexadecylene, but not »i-hexylene, naphthenes, or 
aromatic hydrocarbons. B. aliphalicum liqnefaciens behaves 
exactly similarly. The Paraffin bacterium attacks hexadeeano. 
triacontane, tetral riacontane, and hexadecylene, but not n-hexane. 
n-octane, hexylene, octylene, naphthenes, or benzene derivatives, 
Tlie hydrocarbons attacked are destroyed completely by tie 
bacteria, even when unattacked naphthenes are present. Tie 
organisms were employed in the analyses of various mixtures oi 
hydrocarbons. T. H. P, 

Inhibitory Action of Paratyphoid Bacilli on the Fermen- 
tation of Lactose by Bacillus coli. I. Theobald Sims 
and Dorothea E. Smith (-/. Gen. Physiol., 1920, 3 , 21 — 33). — 
Bacteria of the paratyphoid group can be divided into two classes, 
according t.o whether they inhibit the formation of gas from lactase 
by Bacillus euli or not . The production of acid is not interfered 
with. The experiments support current theories, which hold lint 
the acid-producing and gas producing entities in cultures are 
distinct. J- C. D. 

Production of Indole by the Pfeifler Bacillus. Mabcsl 
Rhein (Compt. rend. soc. Idol., 1919, 82, 138 — 1 39) . — The pro- 
duction of indole (mauve colour with dimethylaminobenzaldehyde 
and hydrochloric acid, violet tint with formaldehyde and sulphuric 
acid, blue colour with sodium nitroprusside, potassium hydroxide 
and acetic acid), with accompanying characteristic odour, was noted 
in the case of abundant cultures of the Pfeiffer bacillus, but not 
detected in all cases. Chemical Abstracts, 

Synthesis of Tryptophan by certain Bacteria and 
the Nature of Indole Formation. "William Jamieson Lor-u 
(/. Path. Bad., 1920, 23. 224— 229).— Certain gram-negative 
bacilli have the power to synthesise tryptophan when growing a 
protein-free media. This is in support of the view of the vegetable 
nature of "bacteria. The addition of dextrose to a living cu ture 
of Bacillus coli. causes the rapid disappearance of the indole already 
formed. This seems to indicate that the effect of the dextrose is 
to cause increased demand for indole on the part of the organ-r- 
and not merely, by the development of acidity, to prevent t 
splitting off of indole from the peptone. On this hypothesis, » ' 
“ formation ” is a consequence rather of diminished use oi n» 
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as tryptophan than of special formation liy the organism. The 
splitting off of inciole appears to be a reversible chemical change. 

The difference between B. coil and B. typhosus with respect to 
indole formation on re absorption is most probably due to the fact 
that B. c0 *' P ossesses an enzyme which enables it to split off and 
utilise the open-chain (alanine) portion of the tryptophan molecule, 

J. C. D. 

The Effect of Certain Environmental Conditions on the 
Bate of Destruction of Vanillin by a Soil Bacterium. 

IViiaMM .1. Robbins and A. B. Massey (Soil Sci., 1920, 10, 

037 246). — The particular bacterium used was one from an 

Alabama soil. In culture solutions, very slight concentrations of 
hydrochloric acid inhibited its action on vanillin, but, (he bacterium 
was not so sensitive to alkali. Aeration favoured the destruction 
of vanillin by the organism. In culture solutions containing 
calcium superphosphate, sodium nitrate, and potassium sulphate, 
either singly or in combination, the organism was most, active in 
these solutions rich in calcium superphosphate and least active 
in the solutions rich in potassium sulphate. The presence of 
dextrose had no marked effect on the rate of destruction of vanillin 
by the organism. W. G. 

Yeast Nutrition and, Fermentation. Does Development 
of Yeast Occur without Fermentation of Sugar ? 

Th. Bokorny (Centr. Baht. Par., 1920, ii, 50, 23 — 33). — The 
author finds that it. is possible for considerable increase of yeast 
to occur in solutions containing no trace of sugar. Besides the 
ordinary fermentable sugars, rhamnose, arabinose, lactose, peptone, 
asparagine, and other amides, tartaric, acetic, and citric acids, and, 
under certain conditions, glycerol, all serve to supply yeast with 
the carbon necessary for its growth. Between the nitrogenous 
constituents nf the nutrient solution and the fermentation of the 
sugar present,, the sole connexion existing is that plentiful and 
suitable nitrogenous nutrition gives rise to much yeast, and thus 
to much zymase. Fermentation is not, at, any rate when access of 
air is permitted, a vital necessity for yeast, but it is of advantage 
in that it retards the development of bacteria, and, further, brings 
the yeast into increased contact with the nutrient materials of the 
liquid. T, H. P, 

Is Fermentation of Sugar by Yeast due Solely to 

Zymase ? J. Giaja (Compl. rend. -snc. biol., 1919, 82, 804 — 806). 
—Yeast lost 8 G% and 94% of its fermentative power when 
treated with toluene for thirty and sixty minutes, respectively, after 
attaining its maximal fermentative activity in tho presence of sugar. 
The residual G% of “zymase'’ (which remained practically intact 
for a long time) is practically identical in amount with that 
possessed by yeast treated as above during rest. Yeast from which 
the enveloping membrane had been dissolved by the action of the 
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digestive fluid of Helix pomatia likewise lost most of its ferment- 
ative power when treated with toluene. The above loss of ferment- 
ative power cannot plausibly be attributed to destruction of zymase 
by the action of endotrypsin as suggested by Buchner. The author 
concludes that only approximately 5% of the fermentative activity 
of yeast can bo attributed to zymase. Chemical Abstracts, ' 

The Effect of Pyruvates, Aldehydes, and Methylene-blue 
on the Fermentation of Dextrose by Yeast Juice and 
Zymin in the Presence of Phosphate. Arthur Harden and 
Francis Robert IIenley ( Biochem . J., 1920, 14, 642 — 653). — 
The facts that the activating effect both of n-keto-acids and of 
aldehydes is chiefly manifested at the commencement of the reac- 
tion, and that the experiments both of Oppenheimer (A., 1915. 
i, 358) and Neuberg (A., 1915, i, 1043; 1918, i, 469) were made 
with maceration extracts which contain a large amount of mineral 
phosphate, and that the effect was less marked with lcevulose than 
with dextrose, led the authors to inquire whether the action was 
a general stimulation of the fermentation process or a more specific 
acceleration of the reaction in presence of free mineral phosphate. 

It has been found that an aldehyde when added to fermenting 
mixtures of yeast juice or zymin (acetone yeast) with dextrose 
induces no acceleration ill the normal rale of fermentation. In 
the presence of a suitable amount of phosphate, the effect of the 
aldehyde is greatly to diminish the time required for the attain- 
ment of the maximum, so that the volume of gas evolved in the 
period immediately following the addition of phosphate is greatly 
increased. At the same time, a considerably higher maximum is 
attained. Oil completion of the esterification of the phosphate, 
the rate again diminishes, both in the presence and absence of 
an, aldehyde, and the total evolution is not greatly different in the 
two cases. Similar phenomena are produced by pyruvates. 

The striking action of the aldehydes suggests that the cause of 
the delay in attainment of the maximum after the addition of the 
phosphate was lack of an acceptor for hydrogen. In order to test 
this idea, methylene-blue was substituted for aldehyde, with the 
result that it was found to produce a very similar effect. 

The role of the hydrogen acceptors in the fermentation is dis- 
cussed. It is probable that the hydrolysis of the hexosephosphate, 
both that originally present and that slowly formed in the ferment- 
ing mixture, results in the formation of lsevulose, which in its turn 
yields a hydrogen . cceptor, and thus assists the increase in the 
rate of fermentation: J. C. D. 

A New Fixation Method and its Application in 
Alcoholic Fermentation. Carl Neuberg and Elsa Reinfuktb 
(Biochem. ZeiUch., 1920, 106, 281— 291).— The authors have 

utilised Vorlander’s observation that dimethylc;/ cf ohexanedione 
reacts with acetaldehyde, yielding ethylidenebisdimethykyA- 
hexanedione, for the fixation of acetaldehyde in the fermentation 
of sugar. In order to isolate the product, the yeast was cento- 
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fugeil and extracted with hot alcohol. The alcoholic extract was 
concentrated and added to .much water, when ethylidenebis- 
dimethylcydobexanedione was precipitated (m. p. 139—140°), and 
jls nature confirmed by conversion into its anhydride, C ]s H.,.|0., 
m. p. 173— 175°, by heating with glacial acetic acid under reflux. 
Acetaldehyde can also be fixed in the above way when the sugar is 
fermented with maceration juice. Pyruvic acid is not fixed by 
dimethylcyclohexanedione. s. g. Z. 

The Three Forms of the Fermentation of Sugar. Their 
Connexion and their Balance Sheet. Carl Nkubercs. Julius 
H inson, and Elsa Reinforth (Bioohe.ni. Zeilsch 1920, 105, 
307 - 436 ).— The relation of the three forms of fermentation (this 
vol, i, 798) was studied by estimating the quantity of fermented 
sugar and the products of fermentation at various periods of the 
processes. In all the three forms, the common product, acet- 
aldehyde, is produced, which is reduced to alcohol in the first form 
cf fermentation, is fixed by the sulphite in the second form of 
fermentation, and is converted into acetic acid and alcohol in the 
third “dismut.ation ” form of fermentation. In all the three forms 
of fermentation, the fermented sugar was accounted for in the 
products of fermentation, which were produced in definite propor- 
tions. s. s. i. 

The Physical-chemical Conception oi the Processes of 
Fermentation. Wolfgang Oswald [Biochm. Zeltsch., 1920, 
105, 305); C. Neubero (ibid., 300).— Polemical. S. S. Z. 

Influence of Fluctuating Barometric Pressure on the 
Course of Alcoholic Fermentation and of Biological Pro- 
cesses in General. August Eippf.l (Ccntr. BaU. Par., 1917, ii, 
47, 225—229). — In certain cases, it is found that the curve show- 
ing the periodic evolution of carbon dioxide from a fermenting 
solution exhibits a zigzag course, high barometric pressure corre- 
sponding with low rate of fermentation, and vice versa, When 
the nutrient solution employed is such that a vigorous fermentation 
is rapidly established, the effect of the barometric pressure may 
not be evident in the early stages, but it becomes apparent when 
the action slackens. Such increased liberation or retention of 
gases, which are either merely present as such or represent the 
final products of a biological or chemical process, may have 
important effects on biological processes. T. H. P. 

Comparative Studies on Respiration. XII. A Comparison 
of the Production of Carbon Dioxide by Penicillium and 
by a Solution of Dextrose and Hydrogen Peroxide. 

F. G. Gustafson (J. Gen. Physiol., 1920, 3, 35— 39).— A neutral 
solution of dextrose and hydrogen peroxide acts like Penicillium 
chrysotfenum in producing an increased amount of carbon dioxide 
on the addition of acid, but not on the addition of alkali. 

J. C. D. 
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Attackability of cis- and frans-Isomeric Unsaturatej 
Acids by Moulds. P. E. Verkade and N. L. Sohnqkn (Cent, 
Bakt. Par., 1920, ii, 50, 81 — 87). — In solution containing eXces 
of undissolved calcium carbonate, these acids exhibit the saa- 
behaviour towards Aspergillus niger as towards Penicillin 
glaucum; fumaric, cinnamic, uKocinnamie, aconitic, oleic, and 
erticic acids are assimilated readily, and glutaconic acid slight!, 
whereas maleic, citraconic, mesaconic, itaconic, phenylitacoufi 
isocrotonic, crotonic, /SfS-dimethylacrylic, angelic, tiglic, imdcceaoic 
elaidic, and brassidic acids are not attacked. Similar results an 
obtained when the free acids instead of their calcium salts art 
employed, excepting that with cinnamic acid no development oi 
the two organisms takes place. It is evident that the attackabiiin 
or non-attackability by mould fungi is inadmissible as a means <!> 
distinguishing between ciVtra/w-isomcrides. 

The behaviour of certain of these acids towards the moulds i, 
explainable by their solubilities in water and in olive oil (compart 
Waterman, ibid., 1915, II, 42, 639), but that of other acids camw 
be explained in this way. Assimilability or non-assimilahilitv 
appears, indeed, to be dependent principally on the molecular 
configuration of the compound. T. H. ?. 

Favourable Influence of Selenium on some Moulds 
coming from the Cheese Industry. Antonin Nemec ami 
Vaclav K\s(6Wpf. rend., 1920, 171, 746 — 748). — With selenium 
in (he form of sodium selenate, there is an increase in the weight 
of dry mycelium in the case of Penicdlium Roquefort!, with in- 
creasing amounts of sodium selenate in the culture solution. With 
1‘. candidum, a toxic effect was noticed when the amount of sodium 
selenate increased beyond a certain limit. The ash content of the 
mycelium increased at first with the amount of selenium present, 
but reached a maximum and then diminished. W. G, 


Specific Disinfection Processes. II. Action of Salts and 
Ions on Bacteria. Philipp Eisenbekg (Cenlr. Bakt. Par., 1918 , 
i, 82, 69 — 208). — The author has carried out extensive series oi 
experiments on the effects of inorganic salts in different, concentra- 
tions on the development in peptone-meat extract-agar or bouillon 
of six gram-positive and six gram-negative bacterial species. The 
results are given in detail, and lead to the following, among other, 
conclusions. The toxicity of salts may be regarded as an additive 
function of their component ions, although purely molecular actions 
are not to be excluded. The commoner anions (cations) may he 
arranged in toxicity series, which vary appreciably for different 
cations (anions). The normal life functions of bacteria are con- 
nected with a state of swelling of the protoplasmic colloids definite 
for each species, and any deviation from this stato ill either direc- 
tion may cause disturbance of these functions, or even death, ot 
the bacteria ; hence the toxicity of salts increases with their swell- 
ing properties, and also wilh their precipitating action on bacteria. 
The effects of salts on the gram-specificity of bacteria are discussed 
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Various cases of species- or group-specificity are indicated. In 
■valuating antiseptics, it is necessary to employ a number of repre- 
sentative bacterial species. ‘ T. II, P. 

Regularities in the Preservation of Wood. Poisoning 
Action of Inorganic Compounds (Salts) on Fungi. 

Friedrich Moll ( Centr . Bakt. Par., 1920, ii, 5 ^ 257- -279).— 
The author has investigated a series of 130 different salts with 
respect to the effect they produce, in various concentrations, on a 
-ulture of Pcnkillium glaticum on a peptone-agar medium. The 
results obtained show that the poisonous action of salts is an 
additive property of the ions. In the order of diminishing activity, 
the poisonous ions are : mercury, silver, cadmium, cyanogen, copper, 
sine, iron, cobalt, chromium, fluorine. Most acid ions and the ions 
of the alkali and alkaline earth metals, magnesium, and aluminium 
may be regarded as inactive in this respect. The poisonous action 
depends on the solubility in water of the salt and 011 its decom- 
position into ions ill the aqueous solution. Every ion exhibits a 
specific poisonous action, and complex ions, such as the chromate 
and fluosilicic ions, must, be regarded as independent individuals, 
their activity being equal to, or smaller, or greater than, the sum 
of their constituents. Addition of other salts to active substances 
may affect the time-course of the disinfection, but does not alter 
the final result. The activity of a given amount of a soluble salt 
or mixture of salts depends only on the quantity of active con- 
stituents present and on their specific effects, T. H. P. 

Toxicity and Chemical Potential. W. Lash Miller 

(J. Physical Chem., 1920 , 24 , 562 -569). --The toxicity of a solu- 
tion containing phenol and an indifferent salt depends primarily 
on the chemical potential of the phenol in the solution. Two solu- 
tions have the same toxicity when they are in equilibrium with 
the same solution of phenol in an immiscible solvent, such as 
toluene or petroleum. Complications may arise front the toxicity 
of the salts themselves, or in dilute solutions from the plasmolysis 
of the cell, independently of the toxicity of the solutions employed. 
One or two individual cases which do uot fall under these heads 
ate worthy of further study. The observation of Paul and Kronig 
that solutions of mercuric chloride in aqueous alcohol show a 
maximum of toxicity when the ratio of alcohol to water in the 
solution is 1 to 3 affords another illust ration of the principle, since 
Laird has shown that the solubility of mercuric chloride in aqueous 
alcohol passes through a minimum at the same ratio. J. R. P. 

The Toxicity towards Anthrax and Staphylococcus of 
Solutions containing Phenol and Sodium Chloride. 

J. S. Lemon (./. Physical Chem., 1920, 24 , 570— 584).— Experi- 
ments with anthrax spores showed that the increased toxicity of 
phenol observed when sodium chloride is added to its solution is in 
accordance with the assumption that two solutions of phenol, with 
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or without salt, are equally toxic if their compositions are such that 
both would be in equilibrium with the same solutions of phenol in 
toluene. Experiments with Staphylococcus, in which lower con 
centrations of phenol were used, showed that whilst the assumption 
is in fair accord with the behaviour of O' 80% phenol, in the case 
of 0'60% phenol, the chemically equivalent solution containing salts 
is much less toxic; 0'70% phenol occupies an intermediate position 

J. R. P. 

Disinfecting Values of the Three Isomeric Cresols. 

Fritz Ditthorn ( Ccntr . Baht. Par., 1919, i, 82, 483 — 491)— 
Experiments made wiLh suspensions of Bacillus coli, B. pyocyanem 
and Staphylococcus in sodium chloride solution and in bouillon 
show that m-cresol outstrips its two isomerides in germicidal power 
which is not very marked in the Salt and bouillon suspensions, but 
is considerable in liquids containing proteins (ascites). Of the 
two other isomerides, the ortho-compound possibly has a slightly 
greater action than the para-compound. In practice, 2—2'.?' 
solutions of a mixture of the isomerides are used, and the differ- 
ences observed are then of little importance, the germicidal powers 
of 0-75 — 1'0% solutions of the three compounds being almost 
identical. T. II. p. 

Organic Carbon Nutrition of Plants. Parallels between 
Fungi and Green Plants. Th. Bokorny (Ccntr. Bakt. Par., 
1917, II, 47, 191- -224, 301 — 375). — The author gives a summary 
of the observations made by various investigators with reference 
to the use by fungi and green plants of compounds of the follow- 
ing classes: alcohols, phenols, aldehydes, ketones, ketonic esters, 
organic adds, carbohydrates, amino-compounds, and cyanogen 
derivatives. T. H, P. 


Reduction of Nitric Acid in Green Cells. Otto Warbcbg 
(Xaturwiss., 1920, 8, 594—596; from Chem. Zentr., 1920, iii, 487). 
— Attempts to accelerate catalytically the reduction of nitric acid 
by Chlorella vuhjaris, Beyerinck, by tho use of concentrated nitrate 
solutions were unsuccessful, but signs of acceleration were noted 
in dilute solutions of free nitric acid. In ail acidic nitrate mixture 
(Xj 100-HNO 3 , X) 10-nitrate), the reduction of nitric acid amounts 
to 50% in the dark and to 150% in the presence of light of the 
total metabolism. In the former case, reaction occurs according 
to the equation HNO s +H..O + 2C — NH 3 % l 2C0 2 + 162,000 cab 
Under the action of light, the process is complicated by the assimtl 
ation of carbon dioxide, which, however, can be excluded by 
of narcotics. V> ■ 


Possible Formation of Hexamethylenetetramine m 
Assimilating Plants, and a Microchemical Reaction lor 
Ammonium Salts, C. van Zijp ( Pharm . Weekblad, 1920, a I, 
1345 — 1348). — The combination of formaldehyde with ammonium 
salts in neutral, or eveu weakly acid, solution is found to give 1 
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,f hexamethylenetetramine, in tile same way as the base itself is 
formed by combination of the aldehyde with free ammonia ; hence 
, j s likely, since both formaldehyde and ammonium salts are 
present in growing plants, that salts of hexamethylenetetramine 
ire also formed in the plant. The iodine-potassium iodide reagent 
employed by the author in the microchemical identification of 
hexamethylenetetramine is found to be suitable also for its salts, 
l'he test will detect 0'3 mg. of hexamethylenetetramine, and half 
this quantity of ammonium salt. It is therefore an extremely 
sensitive test for ammonium salts, and has the advantage that 
potassium salts do not interfere. The limit of sensitiveness is 
beyond the degree of solubility even of magnesium ammonium 
phosphate, since if a drop of formalin is added to a drop of water 
in which this substance is suspended, the residue, after drying, 
gives the characteristic brown crystals with the iodine-potassium 
iodide solution. It is suggested that the ammonia is withdrawn 
from the phosphate molecule by the aldehyde, leaving the phos- 
phate, Mgnro 4 . S. I. L. 

The Factors which Interfere with the Use of Yeast as 
a Test Organism ior the Antineuritic Substance. Geealdo 
de Paula Souza and E. V. McCollum (./. Biol. Chan., 1920, 44, 
113— 129).— 1 The observations made by the authors lead them to 
conclude that the use of yeast as a test organism for determining 
the presence or absence of the vitamin-/! is complicated by so 
many disturbing factors as to make it of little, if any, value ' 

' J. C. D 

Silver-reducing Cell-substances in the Leaves of Non 
conifers. Friedrich Czapek (Ber. Deul. hot. Ge.s., 1920, 38, 
246—252). — Molisch { Sitzungsber . Akad. JFtss. ll'ten, Math. nat. 
Kl., 1918, I, 127, 449) has shown that a 0T — 1% silver nitrate 
solution produces in the epidermis, especially of leaves of flowering 
plants, a deep black coloration of the chloroplasts; this reaction 
he ascribes to the presence of an extremely labile substance, which 
loses its reducing power even when tho chlorophyll plasma dies. 
If the views expressed by Molisch were accurate, this reaction 
would represent a new “ life reaction.” 

According to the author, however, it appears demonstrable that 
the cause of the silver reduction of the chloroplasts is to be sought 
in the presence of various depsides, which are probably not con- 
nected with the process of assimilation of carbon dioxide. 

T. H. P. 

The Preparation of Phospha tides from Coloured Plant 
Organs. R, Fritsch ( Zeiloch . physiol. Chem., 1919, 107, 
16,1—175). — Various plants containing chlorophyll and other plant 
pigments have been examined ior their phosphatide content.. Only 
a small part of the total phosphorus could be traced to the 
phosphatides of the plants. In the leaves of the maple, the 
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phosphatide phosphorus amounted to 4-78%; in the leaves of ^ 
ash to 3*46% of the total phosphorus. No calcium inosinate ** 
found in the green assimilating organs. In order to obta-V, 
phosphatides with the theoretical content of phosphorus, ] ar ^ 
quantities of tissue must be employed. In grass stored in s j]£ 
the phosphatides are almost entirely decomposed. 8. S. 2 

Oxidising Enzymes. II. The Nature of the Enzym es 
Associated with Certain Direct Oxidising Systems h 
Plants. Muriel "Wheldale Onslow ( Biochem . J,, 1920, 14 
635 — 540. Compare A., 1919, i, 361). —Solutions of certain co tt ' 
pounds, such as catechol, which contain the o-dihydroxy-structu* 
tend to undergo autoxidation when exposed to air with the form 
ation of peroxides. On addition of a solution of peroxydase to thes 
peroxides, an oxydase system is produced which will give the hh 
colour with guaiacum. The autoxidation of the substances with tl 
o-dihydroxy-grouping is accelerated by enzyme extracts of planu 
which turn brown on injury, and of which the juices turn guaiacuu. 
blue without the addition of hydrogen peroxide. Such plants h 2 v e 
been found to contain a compound giving the “ catechol ” reaction, 
and it is suggested that they also contain an enzyme “oxygenase,' 
which accelerates the production of a peroxide. This enzyme can 
be separated from peroxydase by fractional precipitation with 
alcohol, although the converse has not been accomplished. 

In the cases which have been investigated, the oxydase system 
appears to consist of three components: a “catechol’ 5 compound 
from which a peroxide can be formed, oxygenase which catalyses 
this process, and a peroxydase which decomposes the peroxide with 
formation of “active” oxygen. J. C. D. 

Oxidisiag Enzymes. III. The Oxidising Enzymes of 
Some Common Fruits. Muriel Wheldale Onslow (. Biochm . 
J. } 1920, 14, 541—547). — The apple fruit contains the complete 
oxydase system (see preceding abstract). A large amount of the 
aromatic compounds of the fruit appears to be present in the form 
of a catechol tannin, which cannot be activated by the enzyme in 
vitro. The quince, pear, plum, greengage, and damson also con- 
tain oxydase. In the case of the banana, both skin and flesh 
appear to contain peroxydase and oxygenase, but the “catechol" 
substance is practically absent from the flesh. The fruits of the 
orange, lemon, and lime contain peroxydase in both the rind and 
pulp, but no oxygenase or “ catechol ” substance was found 
present. The raspberry contains peroxydase, but no oxygenase 
or catechol substance. J. C. D- 
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Atomic Retraction. W. Swiextosi,awski ( J . Amer . Ohem. Hoc., 
]9l!0 42, 19^5 — 1951). — A theoretical paper m which it is shown 
that the atomic refractions of carbon and hydrogen in hydrocarbons 
vary avith the constitution or the hydrocarbon. The molecular 
refraction, M„ of a hydrocarbon C„H„ may be expressed by the 
equation + < 2Ar„ + 2A/- )( , in which r„ r H 

end rcH. are the refractivities of carbon, hydrogen, and the group 
CH., respectively. The individual refractivities may be evaluated 
from this equation when Sir = 2A)',. + SAr„ is assumed equal to 
ze ro. Making use of the known molecular refractivities of eight 
hydrocarbons, the values r c =2-490, r H =l‘0G6, and ~ 4 6-2 are 
obtained as mean values. These values differ in two cases from 
Eiseulohr's values, r c — 2‘418, i-,, =1-100, and r,. ,,, = 4-018 (A., 1911, 
ii, 81). The value for CII., is in agreement, whilst the other 
values differ by ±3%. This divergence is explained by the fact 
that tho value for At „ comes from two factors, it,, = »i'ch,+ Sit, 
of which the former is large, and consequently small errors cannot 
affect i!/„ to a marked extent. In the case of alcohols, the value 
r -1-494, which is 2-03% smaller lhan Eisenlohr’s value; for 
ethers r 0 =l’663, whilst Eisenlohrs value is 1 '643, or 1'2% less. 
It is stated that the calculation of average values for atomic 
refraction is insufficient for practical purposes, and the change of 
the value with constitution must be taken into account. 

J. F. S. 

The Molecular Refraction Coefficient, its Additivity 
and its Use for Determining- Constitution. Fritz Eisexi.oitr 
and Edgar Wohlisck (tier., 1920, 53, [74], 1746 — 1766). — The 
molecular refraction calculated from the expression fit . Afjd, where 
/n = » ! — 1/» ! + 2, is not very sensitive to constitutive influences, 
and is unsuitable as a constant for determining the purity of a 
substance because, in the case of an impure substance, the retrac- 
tive index and density may have a mutually compensating effect . 
It is claimed that the expression .17 x u, termed the molecular 
refraction coefficient, is in many respects superior. 4 his quantity 
has been calculated for a large number of organic compounds, 
using and has been found to be very sensitive to constitutive 

influences. In the paraffins, primary alcohols, aldehydes, ketones, 
acids and esters, the mean value of M x «f," for OIL is 20-56, for 
C, 25-55; II, -499. The values for oxygen are, in hydroxyl, 
26-54; in ethers, 22 97 ; in aldehydes, 17-40; in ketones, 16-98. 
For the ethylenic double bond, -6' 17 is found. It is to be noted 
that the influence of a double bond, whether between two carbon 
atoms or between carbon and oxygen, is negative, instead of 
positive as in the old molecular refraction. The probable error 

VOL. CXVU1. ii. 20 
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in the above figures is 0'2 unit. The influence of a side-chain 
in the paraffin series varies with the position of the tertiary carbon 
atom. If the side-chain is attached to the second carbon atom, m 
effect is equal to —O’ 2 unit, but on the third or fourth ear bo- ■ 
atom its sign is reversed, and it amounts to 0’45. 

In cyclic, non-aromatic compounds, the effect of ring formation 
is more marked on the new molecular refract ion- coefficient than 
on the old. The values found were —5*5, — 4‘9, —4*2, -3-4 
— 2*2, and —1*1 for the three- to eight-member ed rino? 
respectively. The entry of a side-chain into the six-ring system 
has a further lowering effect on the coefficient, and in the disub. 
stituted compounds this negative effect is magnified, most in ^ 
para- and least in the ortho-compounds. The double bond in the 
polymethylenes has the same value as in the open-chain com- 
pounds, but in the substituted poly methylenes its influent 
depends on its position in relation to the side-chains. 

In aromatic compounds, the allowance to be made is not pquj. 
valent to a six-membered ring with three double bonds, but the 
total effect is equal to -21-2 units. In contradistinction to the 
polymethylenes, the effect of substituents in the benzene series i> 
positive. Certain numerical relationships appear to exist between 
the effects of substitution in the aromatic and polymcthylene series 
respectively. 

In the series of aliphatic acids and esters, certain optica! 
abnormalities appear, which can he explained on the assumption 
that a loose, four-membered ring is present in the structure cf the 
R*C=0 

type J i 

o-ch 2 -r E. H. R. 

Mass Spectra of Chemical Elements. II. F. W. Astos 
(Phil. Mag., 1920, [vi], 40, 628- -634. Compare this vol., ii, 34b. 
— The mass spectra of boron, fluorine, silicon, bromine, sulphur, 
arsenic, and phosphorus have been measured by the method 
previously described (loc. cjt.). The results show that all seven 
elements obey the whole-number rule within the accuracy of the 
experiment. Of the elements examined, boron, silicon, aid 
bromine are definitely complex ; they are composed of two isotopes, 
in each case of the following relative masses: boron, 11, 10 ; silicon. 
28, 29, (30) ; bromine, 79, 81 ; the masses are given in order c: 
intensity, and the parenthesised number indicates a doubtful mass- 
In the case of bromine, two lines are obtained, corresponding vriiJi 
masses of 80 and 82 ; these correspond with hydrogen bromide from 
the two bromine sotopes; similarly, lines of two boron diflucriae> 
have been identified. Some anomalous fractional lines are men- 
tioned and their possible origin discussed. J. F. S. 

Spectrum of Neon. F. Paschen (Ann. Pkysik, 1920, [iv], 63, 
201 — 220. Compare this vol., ii, 69). — A theoretical paper h 
which the series occurring in the spectrum of neon are discuss*^ 
The neon spectrum is composed of ten sequences of the principal 
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senes type and fourteen sequences of the subsidiary series type. 
The limits of the series which result by the combination of one 
set of sequences show a constant difference in wave-length of 
cm.' 1 when compared with the combinations from the 
associated set, independent of the type of the series. This modifi- 
cation of the combination principle results when the limits of all 
series are calculated according to the Rita formula. J. F. S. 

Comparison between the Spark Spectra of the Alkaline 
Earths and the Arc Spectra of the Alkalis. Erwin Fces 
f.ltin. Physik, 1920, [iv], 63, 1 — 27). — A theoretical paper in 
which arc spectra of the alkalis and the spark spectra of the 
alkaline earths are considered with the object of examining 
gcmmerfeld and Kossel’s second hypothesis, the displacement hypo- 
thesis, which states that an element in its spectral behaviour is 
displaced to that of the element occupying the preceding position 
jn the periodic system when an electron is removed from its outer 
sheath by ionisation, that is, when it is brought into such a con- 
dition that it can emit its spark spectrum. The result of the 
theoretical consideration is to confirm the hypothesis. As an 
addendum to the paper, the doublet series are given in tables for 
magnesium, calcium, strontium, and barium, as well as the second 
subsidiary series of single lines for zinc, cadmium, and zinc, and 
the first, subsidiary series of aluminium. J. F. S. 

Spark Spectra of some Elements in the Extreme 
Ultra-violet. Leon Bloch anil Eurkne Bloch ( Compt.re.nd ., 1920, 
171, 709 — 711). — A study of the spark spectra of antimony, 
arsenic, bismuth, and tin over the range A. = 1850 — 1400. 

In this region, antimony shows a number of sharp, intense lines. 
The spectrum of arsenic is composed of weak and often diffused 
rays. The two characteristic intense lines of arsenic in this region 
are .\ = 1 805 • 6 and X = 1660'8. Four new rays of tin, ,\ = 1655’3, 
1656-9, 1574'6, and I570'6, respectively, were obtained. The com- 
plete spectrum of bismuth between A = 1 823 and 1390 is given. 

W. G. 

Effect of a Magnetic Field on the Intensity of Spectrum 
Lines. H. P. Waran ( Proc . Camb. Phil. Soc., 1920, 20, 4a — 49). 
When a small portion of the capillary of a mercury discharge tube 
was subjected to a magnetic field of about 5000 C.G.S. units, the 
light was found to change in colour and intensity opposite the pole 
pieces. The tube originally gave the principal mercury lines 
5790-66, 5769-6, 5460 7, 4916-0, and 4358-31, and the hydrogen 
ines 6563, 4861-5, and 4340-7 ; on applying the magnetic field, new 
lines at 5426, 5679, 5872, and 5889, as well as a very strong red 
ine at 6152, appeared. Exhausting the tube still further and 
ncreasing the current to 5 milliainperes produced four faint lines 
it 6234, 6152, 6123, and 6072; the effect of the field on these lines 
s to increase the intensity of 6152 about five times, whilst the 
ithers, if they change at all, suffer a decrease in intensity. In 

26—2 
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a hydrogen lube containing a trace of mercury, the helium 
are intensified, whilst hydrogen lines are practically unaffected oj 
even slightly reduced in intensity. In a neon tube containing 
trace of hydrogen, the neon lines were considerably enhanced 
The experiments indicate that in a mixture of monatomic a iP 
diatomic gases, the monatomic gases alone seem to be affected in [ 
peculiar way, resulting in their spectrum lines alone being von 
considerably enhanced or brought out prominently, even when ni 
visible at all previously. In the case of atmospheric air, the effect 
of the field is to bring out new lines which are not present with- 
out the field, and although one or two of these lines have the same 
wave-lengths as previously catalogued lines of oxygen or nil rogen 
many of them have not been identified. J. p, $ 

Centres of Absorption of Coloured Solutions. 

Adinolfi (Atti R. Accnd. Lined , 1920, [v], 29, ii, 38 — 41).— h 
view of the disadvantages attending the usual methods employe 
to ascertain the centres of (he bands of absorption spectra, ifo 
author suggests the following procedure, which gives continues 
absorption curves. The light, before impinging on the slit of tb 
spectrograph, is passed through concentrations of the substance, 
diminishing regularly by diffusion. By means of a capillary 
funnel, the solution is passed to the bottom of a test-tube contain- 
ing the solvent, the tube serving as a lens. The surface of 
separation between solvent and solution being arranged normally 
to the slit, the field of the spectrograph shows, prior to diffusion, 
a sharp demarcation between the part of the absorption gpectn 
and that corresponding with the solvent alone. As diffusion 
begins, the centres of absorption become successively blunted is 
dependence on their intensity, and become distributed on a cum 
which is a function of the wave-length, the intensity of absorption, 
and the gradient of the concentration. 

Photographic investigation shows that the absorption spectra « 
potassium and calcium permanganates exhibit eight centres ol 
absorption, the third, with the wave-length 5255 Angstrom unit-, 
having the greatest intensity. The two absorption spectra ar? 
identical within the limits of accuracy of the measurements made. 
The frequencies of the eight centres of the visible spectrum are 
connected by means of the relation y— v»±753», where v m repre- 
sents the frequency of the maximum of the centres and n the 
whole numbers from -2 to +5. T. H. P. 

Absorption Light by Elements in the State of Vapour. 

(Sir) «T. J. Bobbie and J. J. Fox ( Proc . Roy. Soc., 1920, [-4], 98. 
147 — 153). — The absorption of the elements selenium, tellurium, 
mercury, zinc, cadmium, phosphorus, arsenic, and antimony 
determined. Reproductions of the spectra are given. In the ca>? 
of selenium, there is an increase in the amount of absorption from 
510° to about. 650°, from which point it diminishes up to about 
850°. These changes are accompanied by changes in colour of the 
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vapour. The spectrum of selenium shows many narrow and sharp 
absorption bands, and presents generally the same channelled 
character as the spectrum of sulphur (A„ 1919, ii, 334). The 
maximum absorption corresponds with a vapour density indicating 
an average value of 3 atoms in the molecule. In the ease of 
tellurium, the general absorption increases with rise of tempera- 
ture up to about 1250°, after which it diminishes to about 1350°. 
The spectrum is channelled. At 1250°, the constitution of 
tellurium vapour would appear to be analogous to that of sulphur 
all d selenium at 650°. 

Zinc, cadmium, and mercury show a different behaviour. They 
arc transparent to light as far as the sped rum of the Nernst fila- 
ment extends, that is, to about 3100. Increase of temperature is 
not accompanied by the peculiar behaviour exhibited by sulphur, 
and (unlike the results with sulphur, selenium, and tellurium) 
increase in quantity of the element within the limits of the experi- 
ments has little influence on the spectrum. 

Phosphorus, arsenic, and antimony show an increase of absorp- 
tion with rise of temperature. It is concluded that this is closely 
associated with the breaking down of complex molecules. No 
absorption bands or indications of any kind of selective absorption 
were observed in the elements of (his group. 

The elements studied are .divided into three groups: (1) Elements 
the vapours of which exercise no absorption or show only a few 
well-defined absorption bands; these are monatomic. (2) Elements 
in which the absorption gradually increases as the temperature is 
raised, but which show no other effect within the limits of tempera- 
ture imposed by the method; these are tetralomic. (3) Elements 
in which the absorption increases with increase of temperature to 
a maximum, and afterwards diminishes. The sulphur and halogen 
elements belong to this group. The results are explained by the 
rearrangement of valencies accompanying the breaking down of 
complex molecules. J. R. P. 

Influence ol Dissociation on the Absorption of Potassium 
Permanganate. Emilio Adinolfi (Alti Tt. Accad. Lined, 1920, 
fv], 29, ii, 87 — 39). — The absorption spectrum of potassium per- 
manganate is not influenced by tlie extent to which the salt is 
dissociated. T. IT. P. 

The Absorption Spectrum of Europium. Wilhelm 

Pkandtl (Her., 1920, 53. [JJ], 1726 — 1728). — The absorption 
spectrum of europium was examined with a solution containing 
20 grains of oxide as nitrate in 100 c.c., through a depth of ID cm. 
A weak but characteristic, sharp, narrow line was found at A 579. 
This is probably identical with the line placed by Demar$ay at 
1 590. It was also found that Demar^ay’s band at ,\ 465 is, in 
reality, a triplet, consisting of three strong, sharp lines at 
165 6 — 465-3, 465 0 — 464 7, and 4C4 G — 464-3. In other respects, 
Demar^ay’s observations were confirmed, E. IT, R. 
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Measurement of the’ Luminous Intensity Diffused v 
Argon. New Determination of Avogadro’s Coasts J 

J. Cabannes ( Compt . rend., 1920, 171, 852 — 854). — The auth or 
has determined the ratio, Jt, between the intensity diffused | a i Pr 
ally by 1 c.c. of argon and the illumination of a normal plane b- 
an incident luminous ray, the gas being illuminated by the radii 
tion A — 4358. The value obtained for R with a sample 0 f 
containing 91% of argon, 8'7% of nitrogen, and 0'3% of osvse" 
was (1'34±0'05) x 10~ 8 /cm. 

Further, the author has shown that the polarisation of the list, 
diffused laterally by argon is almost complete, and applying to 
theory of Rayleigh, he finds for Avogadro’s constant the valve 

(G-aO+O^xlO 25 . W. G. 

Alkaline Earth-Oxygen Phosphorescent Substances 

Ferdinand Schmidt (.-Inn-. Rhysik , 1920, [iv], 63, 264 294) _ 

A number of substances which become phosphorescent when sub 
jected to light have been prepared from the oxides of calcitur 
strontium, and barium. These oxides were mixed, respectively 
with a small quantity of one of the following substances: sodiuir, 
chloride, sodium fluoride, sodium phosphate, calcium fluoride, mao. 
nesium fluoride, lithium phosphate, potassium hydrogen phosphate 
and potassium borate, and thoroughly ground together; then a 
small measured quantity of a nitric acid solution of one of ;li 
following nitrates was added : bismuth, copper, manganese, or 
lead. The mixture was thoroughly mixed and heated to a red 
heat. These mixtures were excited by means of the light from a 
series of sparks between aluminium poles in water, and in this 
way the whole spectrum down to 220 fqu was obtained. Tin 
influence of different wave-lengths in exciting the phosphorescence 
was measured, as well as the position of the phosphorescent bands. 
From a comparison of the analogous oxygen, sulphur, and selenium 
phosphorescent substances, the following conclusions are drawn 
(1) The positions of brightest phosphorescence after illumination 
and those of the bands are shifted to shorter wave-lengths in tie 
oxygen compounds, and to longer wave-lengths in the selenium 
compounds in comparison with (he sulphur compounds. This would 
point to the oxygen compounds having a smaller dielectric cue- 
stant than the sulphur compounds, and the selenium compounds! 
larger dielectric constant. The bands of the oxygen compounds 
have a higher temperature position, and those of the selenium 
compounds a lower temperature position, than the sulphur bands. 

J. F, S. 

The Existence of Intermediate States in the Phos- 
phorescence ol Calcium Sulphide deduced from the Study 
of its Conductivity. P. Vaillant (Compt. rend., 1920, 171, 
713 — 714).- — In continuation of previous work (A., 1912, ii, 419V 
much larger variations in the conductivity of calcium sulphide 
by exposure to diffused sunlight have been obtained. The con- 
ductivity increases with the time to a maximum, and then 
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decreases if the exposure is continue*}. The reverse occurs if the 
sulphide is then kept in obscurity at constant temperature, but 
the maximum reached in this case is much higher than during 
excitation. If during excitation the sulphide is removed to 
obscurity before the conductivity has attained its maximum, the 
latter continues to increase, but, however, a much lower maximum 
is much more rapidly reached. W. G. 

Inorganic Luminescence Phenomena. I. [The Influence 
of] Crystalline Form, Flux, and Actual Fusion on the 
Phosphorescence of Zinc Sulphide. Erich Tiede and 
Arthur Schleede ( Ber. f 1920, 53, [ B ], 1721— 1725) —The flux 
may act in one of two ways in inducing the phosphorescence of 
such a substance as zinc sulphide; it may either favour the appear- 
ance of a particular phosphorescent, crystalline form, or it may 
intermolecularly increase the pressure or lower Ihe melting point. 
In the case of zinc sulphide, the two possibilities were investigated 
by preparing the two crystalline modifications in as pure a form 
as possible, and by determining the effect of actually melting the 
zinc sulphide by the method already described (see this vol., 
ii, 757). Blende (sphalerite) was found (o be non-phosphorescent 
in the pure state, but when prepared by heating amorphous zinc 
sulphide with potassium chloride in the proportion 2:1 at 800° 
for forty-eight hours, it was phosphorescent. Wurtzite, the 
hexagonal form, prepared by sublimation of zinc sulphide, taking 
the greatest precautions against contamination, was also non- 
phosphorescent, On the other hand, pure fused zinc sulphide was 
strongly phosphorescent. It follows that there is no connexion 
between phospho-resceiice and cryslalline form in the case of zinc 
sulphide, whilst the effect of a flux can be reproduced by fusing 
i.he pure sulphide. Fused pure alkaline earth sulphides were also 
found to be phosphorescent. E. H. R. 

Fluorescence, Dissociation, and Ionisation in Iodine 
Vapour. K. T. Compton and H. D. Smyth (Science, 1920, 51, 
571— 572).— (I) Fluorescence and Ionisation . — The fluorescence of 
gases and vapours is not generally accompanied by ionisation. 
Hence, the recent view has been that the primary effect of the 
exciting light is to cause one or mere electrons to take positions or 
conditions of abnormally large potential energy, without being 
necessarily removed from the parent molecule. The authors have 
obtained experimental evidence of the correctness of this view 
from measurements of the minimum energy required to ionise a 
fluorescing molecule. The former requires 10 volts, the latter 
7*5 volts, when excited by the green mercury line. The difference, 
2 - 5 volts, corresponds with the quantum of energy of the frequency 
of the exciting light by the relation eV — hv. This offers direct 
evidence of the existence of molecules the electrons of which possess 
abnormal potential energy as a result of the exciting light. 
(II) Dissociation and J onimlion . — Two types of ionisation were 
discovered in iodine vapour, a very weak ionisation at 8 5 volts, 
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attributed to the ionisation of atoms present because of the hoi 
filament and a very intense ionisation at 10 volts, attributed to 
“Ltmn of the molecules. The difference V5 volts 
spends exactly with V in the relation el = H , where II' « the heat 
of dissociation of iodine reckoned for a single molecule Probably 
this method may he of value in determining heats of dissociation 
which arc too high to be found by ordinary methods. 

CVh-emtcal Abstracts 


X.Ray Fluorescence of certain Organic Compounds, 

II S Newcomer (J. Amer. Chm. S 'of., 1920, 42 , 1997 2007 1. 

—The author has studied the fluorescence induced m a large 
number of substances with the object of finding a substance whicl 
will convert .Y-rays into rays of wave lengths which will b e 
baotericidally active, that is, wave-lengths in the mid-ultraviolet. 
The fluorescence was judged as to its visibility by an eye accom- 
modated to darkness, since it was found that m most cases the 
visible rays emitted were too feeble to blacken a photographic plate, 
and in those cases where a bright fluorescence was observed, the 
light was examined by a Hilger quartz spectrometer. Three in- 
organic salts. 308 organic compounds, apart from dyes, and 157 dyes 
were examined, some in solution and others m the pure condition. 
Of all these compounds, sodium bromide alone gives a fluorescence 
with a wave-length lying in the required region. Many of the 
organic compounds fluoresce brightly m the visible region of the 
spectrum and a fair number of them give fluorescence which is 
capable of blackening a photographic plate. The fluorescence is 
not limited to any physical state, and the nature of the fluorescence 
excited in any material, both as to intensity and quality, is in- 
dependent of the quality of the exciting A -rays and dependent on 
their energy alone. It is shown, incidentally, that air becomes 
slightly fluorescent under the experimental conditions. The -Way 
tubes were fed by a current of about 15 milliamperes at 10 000 to 
70,000 volts. 

Sneciflc Rotation of Optically Active Liquids in tta 
Pure State and in Solution. W. Deutsoiiiann (2»tek 
physical. Chem., 1920, 95 . 385-406) -A theoretical pape^ 
which it is shown that, the specific rotation of active substance 
in solution may be calculated, when the. assumpti^ is m^ 
the specific rotation of an active substance is * 
at all concentrations and in all solvents. To make th “ ’ , ' 

it is necessary to Accept the Holexalek theory, of concentra tad ■ » 
lions IA 1909 ii 22; 1910, u, 184; 1913, u, 481, 482, tins 
32). 'Apparent divergence between observed rotation vate 
aid the calculated values are explained by the fo ™ at “ n \ th( 
compounds between the two components of the solution, or y 
presence of associated molecules of the active enhance. The «, 
tions put forward are applied to the experiment.a 
Scheuer (A, 1910, ii, 470) for solutions of diethyl diacety 
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in ethylene dibromide, and it. is shown that here both disturbing 
factors are present. For the sake of simplicity in calculation, it 
is assumed that the specific rotation of the double molecules is the 
same as that of the simple, molecules, and the slight divergences 
between the calculated values and the observed values are taken 
to indicate that the above assumption is not entirely justified. 
The very marked dependence of the specific rotation of many sub- 
stances oil the temperature is due to a change in the degree of 
association with change of temperature, and also to the fact that 
the double molecules have a different specific rotation from the 
single molecules. J. p S. 

Photochemical Decomposition of Potassium Cobalti- 
oxalate and its Catalysis by Neutral Salts. F. M. Jakcer 

and G. Berger (Proc. K. A/cad. U'etensch. Amsterdam, 1920, 23, 
34 t 94). — The decomposition of a solution of potassium cobalti- 
oxalate by light occurs as follows: 2Co(C. J 0 4 )..' // = 2Co(C 2 0 4 ).> ,/ + 
C.,0/ + 2C0 2 and Co^TOj).," Co” The reaction was 

studied under different conditions by Vranek (Zeitseh. FAektro- 
rheM. f 1917, 23, 336). In the present experiments, a quartz 
mercury lamp was used as the source of light, and the reaction 
carried out in quartz vessels. The quantities of salt decomposed 
in identical intervals of time are approximately independent of 
the initial concentration, and are chiefly determined by the light 
energy absorbed. The reaction is therefore described as photo- 
catalytic. Exact proportionality between the amount of decom- 
posed substance and the time of exposure, with the same initial 
concentration, was not, however, found. This is attributed to the 
change of absorptive power of the solution. Exact, experiments 
with the pure salt, showed that (he speed of reaction was relatively 
greater with the smaller than with the higher concentrations, and 
some disturbing influence appeared to be active. Addition of 
alcohol had no appreciable effect, but a strong influence on the 
speed of reaction was found to be exerted by neutral salts. 
Chlorides of potassium, sodium, lithium, magnesium and glucinum, 
and ferric chloride, were used. The curves exhibited a maximum 
of velocity with a certain concentration of each salt., and the action 
may pass over into a retardation. The maxima are situated at 
smaller concentrations as the valency of the cation is greater. 
Each ion has a specific effect in addition to that of its positive 
charge. J. R. P 

New Theory of Photographic Phenomena. A. Dauvillier 

( 'Convpt . rend., 1920, 171, 717 — 719). - A further development of 
a new theory explanatory of photographic phenomena (compare 
this vol., ii, 654). W. G. 

Ionisation and Production of Radiation by Electron 
Impacts in Helium, Investigated by a New Method. 

K. T. Compton (Phil. Mag., 1920, [vi]. 40. 553 — 568). — A method 
is described whereby ionisation and radiation may be distinguished 

26 * 
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and the proportion of either estimated when both are present 
The ionisation chamber is similar to that used by Franck anj 
Hertz (A., 1913, ii, 174). A tungsten wire, 0'8 cm. long and 
0-08 mm. diam., serves as a source of electrons; 3o mm. awav 
from the tungsten wire is a platinum gauze. The electrons emitted 
are drawn toward the gauze by an accelerating potential differ, 
ence, Y a ; some pass through the gauze, but then encounter- 
retarding potential difference, V,, which is sufficiently greater 
than V a to prevent any electrons reaching the electrode. t 
electrode is connected to a quadrant electrometer, and may rain 
a positive charge either from positive ions produced by ionisation 
of the gas or as a result of electrons emitted photoelectricallv tv 
ultra violet radiation set up by impacts of the electrons. 'The 
electrode is 7 mm. distant from the gauze. The electrode consists 
of a ring of copper closed at one side by a thin platinum foil, ami 
at the other by a platinum gauze. It is suspended on a platinum 
wire, and so arranged that either the gauze or foil may be pre- 
sented to the radiation. Positive ions are received by the electrode 
equally well whichever side is presented to the radiation, but the 
two sides are differently affected by ultra-violet radiation, for when 
the gauze is presented, a large part of the radiation enters the 
electrode and does not result in a loss of electrons. Thus the 
ratio EfIE, of the electrometer deflexion with the foil or game, 
exposed gives the proportion of the total effect which is due to 
both of the individual effects. Using this apparatus with helium, 
it, is found that resonance radiation sets iu at 20'2 volts and ionisa- 
tion at 25'5 volts. Ionisation is observed between 20'2 and 25'5 
volts in proportions increasing with the gas pressure and with the 
bombarding current density. Evidence is presented to show that 
this ionisation is a secondary effect, due to impacts against electron! 
which contain absorbed radiant energy of the resonance radial ion 
front neighbouring atoms. This method of ionisation appears to 
be very important at high gas pressures. The present results are 
a complete confirmation of those of Horton and Davies (A.. 1919 , 
ii, 210). J. F. S. 

Distribution of the Emission Intervals of the a-Particles 
of Polonium. (Mme) Marie Curie (J.Phys. Radium , 1920, [vi], 
1, 12 — 24). — The intervals between the emission of a-particles by 
polonium have been studied in the case of 10,000 emissions from 
several preparations of the polonium used in connexion with the 
work on its spectrum and its change into lead. The emissions were 
recorded by an ele-trc-meter provided with a photographic arrange- 
ment for registering the deflexions caused by the individual 
a-particles. The results had to be corrected for the slow decay 
of the activity of the polonium and for the failure of the electro- 
meter to distinguish emissions separated by less than a certain 
minimum interval (double(s). The law derived from the theory 
of probability, that if 8 is the mean interval, the fraction of the 
total intervals of duration greater than r is «-* v , was completely 
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verified by the experiments. Curves in which the logarithm of 
the number of emissions, of interval greater than a given interval, 
are plotted against this interval, are straight lines, except for the 
smallest intervals (due to doublets, which can so be evaluated) and 
the longest, where the number is too few for the result to be 
accurate. By suitably combining all the results in one curve, a 
verification to an extreme degree of accuracy was obtained, The 
radioactive constant, ,\, for polonium was redetermined, and found 
to be 0-00496(day)-\ corresponding with a period of average life 
of 202 days, and of half change, 140 days, in agreement with the 
accepted value. F. S. 

Radioactive Analysis o! the Thermal Springs ol 
Bagneres : de Luchon, Springs very Rich in Radium 
Emanation. Adolphe Lepape ( Compt . rend,, 1920, 171, 

731 733). — The waters from the various springs of Bagucres-de- 

Luchon were found to contain from 0'4 to 41 -5 millimicrocuries of 
radium emanation per litre, and they thus form some of the most 
radioactive springs in the world. W. G. 

The Variations of the Radioactivity of the Springs of 
Bagnoles-de-l’Orne and their Relation to the Rain. 

P. Loisel (Compt. rend., 1920, 171, S58 — 860. Compare A., 
1919, ii, 489). — The radium emanation content of the water of tho 
springs at Bagnoles-de-lOrne shows considerable variation, and 
this is correlated with the rainfall. The amount of radium 
emanation present rises and falls with increase or diminution in 
the rainfall, but the interval between maximum rainfall and 
maximum emanation content varies with the particular spriug, 
and presumably depends on the nature of the strata through which 
the rain must percolate before reaching the spring. W. G. 

The Electrical Conductivity of Potassium, Sodium, and 
Barium Chlorides in Mixtures of Pyridine and Water. 

Jnanendba Chandra Ghosh (T., 1920, 117, 1390 — 1396). 

Hydrogen Overvoltage. Edgar Newbert (J. Amer. Chem. 
doc.. 1920, 42, 2007 — 2011. Compare Maclnnes and Adler, A., 
1919, ii, 131 ; Maclnnes and Ccntieri, this vol., ii, 77). — A criticism 
of the above-mentioned papers. It is stated that the definition of 
overvoltage given is incorrect, and that the measurements recorded 
are not overvoltage measurements, but the excess potential neces- 
sary to overcome the transfer resistance, which in the experiments 
may have had values from 1000 — 100,000 ohms. The statements 
made about the dimensions of the overvoltage of platinum are 
incorrect. The hypothesis put forward is quite unable to account 
for the dependence of overvoltage on valency and many other 
phenomena, which are readily explained by the hydride or higher 
oxide hypothesis. The effect cf pressure on overvoltage observed 
is due to changes in transfer resistance (see T., 1914, 105, 2428). 

J. F. S. 

26*— 2 
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Stability of the Cobaltammines. Arthur B. Lamb „ . 

Alfred T. Larson ( J . Amer. Chem. Soc., 1920, 42 , .2024 204gi 

— The oxidation potentials of six representative cobaltic amniijj, 
have been measured in 3'265A/-ammonium hydroxide solution 
From these potentials, the concentration of the simple cobaltic co- 
in these solutions has been calculated, and the relative stabilif • 
of the ammines ascertained. The stability is very great compared 
with that of other metallic ammines. The six ammines, arranged 
in order of stability, are: aquo pentammine cobalt chloride 
diaquo-tetramminecobalt chloride, 1 : 2-dinitro-tetramminecobalt 
chloride, nitro-pentamminecobalt chloride, hexamminecobalt 
chloride, and 1 : 6-dinilrotetramminccobalfc chloride. The stabilift 
constants of a number of metallic ammines are calculated, and tie 
following values obtained: Ag(NH s ).„ 68x10-®; Cu(NH 1 
1-5x10-*; Cd(NH a \, 10x10-7; z u (NH 3 ) 2 , 2'6 x 10->« ; £ 
Co(NHj) fl , 1'25 x 10 5 . A series of other measurements have bees 
made to obtain the data necessary in the above-named calculation? 
these include: (i) The measurement of the potential of the cobalt 
coballons eleclroile in cobalt chloride solutions at 25°, from whitl 
the normal potential Co/Co" at 25° is found to be — 0 237 volt, 
(ii) The measurement of the potential of the cobalt cobaltous el* 
trode in solutions of cobalt chloride in 6 M -ammonium hydroxide, 
from which the formula of the cobaltous ammine ion is shown (0 
bo Co ++ (NH s ) f ,. and tho equilibrium constant for its dissociation 
into ammonia and the simple cobaltous ion is shown to bt 
1-25 x 1()- 5 . (iii) The normal Co" /Co - ” potential at 0° and 16? 
has been measured, and that at 25° extrapolated. The value 
obtained are: 0°, 1-775 volts; 16°, 1779 volts; 25°, 1-817 volts 
The temperature-coefficient of this value is +0'00169 volt 
(iv) The potential of the hydrogen electrode in 2H/-sulphuric acid 
has been measured against tho normal calomel electrode at 0° ami 
16°, when the values obtained for the combination 

Hg I HgjCL | .1/KC1 1 sat . NH 4 N0 3 1 H,SO,2.1/ | H» 
were: 0°, +0 2878 volt, and 16°, 0 2816 volt. On the assumptiot 
that the normal hydrogen electrode has a zero temperature- 
coefficient, these give for the single potential H, 1 2rl/H 2 SO,jj the 
values 0°, -t 0 0012 volt, and 16°, +0 0017 volt, when Auerbach 
values for the calomel electrode are employed (A., 1912, ii, 123). 

J. F. 8. 

Electrode Processes, Influence of Rise of Tempera- 
ture and Depolarisers on the Form in which Nickel 
Separates, Hans Stager (Helv. Chim. Acta, 1920, 3, 584 — film. 
- In order to throw further light on the connexion between polar- 
isation and the form of metals deposited electrolytically, develops 
by Kohl sell jilt er and Vuilleumier (A., 1919, ii. 9), the author h- 
investigated (1) the formation or alteration of deposits of 
under conditions effecting depression of the polarisation, and (. 
the behaviour of these deposits when (he development of the fl^ 
of hydrogen, regarded as the true cause, of Ihc highly dispel:? 
metallic deposits, is suppressed by means of cathodic depolarisers 
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As regards the course of llie contraction of nickel deposits from 
different electrolytes, two types exist, the contraction in the one 
case gradually diminishing, .whilst in the other it increases some- 
what. The temperature at which the layer is formed influences 
the structure, and consequently the mechanical behaviour, of the 
deposit; since the development of a film of gas at the electrode 
must be rendered difficult by rise of temperature, the diminished 
dispersivity, and the resultant diminished capacity to sinter, which 
are observed may well be due to decrease in the deposit of 
hydrogen. 

The experiments carried out on solutions containing depolarisers, 
such as hydrogen peroxide, nitrobenzene, potassium chlorate, and 
sodium cinnamate, show that the contraction of the nickel deposits 
is markedly diminished and their structure altered under these 
conditions, as should be the case if the discharged hydrogen is the 
ultimate cause of the effect. The results obtained when an altern- 
ating current is superposed to the direct current, used for the 
electrolysis are also described, T. H. P. 

Nature ol the Spontaneous Alterations in Structure of 
Nickel Deposits. V. KohlschOtter (Helv. Chim. Acta, 1920, 3, 
(J14_620). — The results obtained by Stager (preceding abstract) 
and others are discussed. T. H. P. 

An Electrolytic Current Intensification Effect, a New 
Electrolytic Displacement Effect and the Connexion 
between Electrolysis and the Emission of Electrons in a 
Vacuum. D. Reichf.xsteix ( Zeitsch . physikal. Chem., 1920, 95, 
457—507). — A theoretical paper in which it is shown that the 
conversion of an alternating current into a direct current by means 
of an electrolytic cell containing a passive metal cannot in any 
way be determined by the static- characteristics in both directions, 
but only the dynamic characteristics are capable of giving inform- 
ation on such a transformation. The Schloniilch cell connected 
with a source of current is not only a detector, but, at the same 
lime, a current intensifier. A scheme is described, useful in wire- 
less telegraphy, whereby a strong intensification of current may be 
brought about electrolytically. This current intensification is an 
effect of the displacement principle. The action of the Schlomilch 
cel! is explained on the basis of the new intensification effect. The 
potential difference electrode | vacuum may be calculated in exactly 
the same way as that existing between zinc and an aqueous solu- 
tion of zinc ions. The electron emission in a vacuum can be 
expressed in the same way as electrolysis in chemical kinetic terms, 
whereby tho divergences from Richardson s relationship and from 
Langmuir’s spacial charge equation may be explained. These two 
relationships 'can only be regarded as limiting expressions. 

J. F. S. 

Hydration of Electrolytic Ions. Richahu Lorenz ( Zeitsch . 
Elrktruchem ., 1920, 26, 424 -431).— A theoretical paper in. which. 
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making use of the author's work on space filling and the mobility 
of ions (this vol., ii, 481), it is shown that, by means of a modifi- 
cation of Stokes’ law (Born, A., 1919, ii, 214; Zeitsck. 1‘hynil 
1920., 1, 220), the amount of hydration of electrolytic i on ’ 
may be calculated. The space filling number increases in propor- 
tion to the cube of the radius of the molecule, and, having deter- 
mined the radius of the ion from the mobility by means of th e 
modified Stokes law, the amount of hydration may be calculated 
In the present paper, the hydration of ions is looked on as a sheath 
of water molecules round the ion, which is not necessarily made 
up of a simple number of molecules. The order in which the 
mobilities of the ions of the alkali metals occur is in quite the 
wrong direction for the atomic weights, but in view of the present 
arguments, the order of the mobilities is shown to be correct 
Lithium possesses the smallest electrodynamic radius, and there- 
fore moves most slowly, whilst csesium possesses the largest electro- 
dynamic radius and moves fastest. J. F. g_ 

Disappearance of Gas in the Electric Discharge, The 

Research Staff of the General Electric Co., Ltd., London- 

(Phil. Mag., 1920, [vi], 40 , 585 611). -The present paper gives 

an account of an attempt to ascertain the cause of the disappear- 
ance of gas under an electric discharge at low pressure. Previous 
knowledge on the subject is briefly summarised. The parts played 
by absorption mi the walls by chemical combination are unknown ■ 
it is also- unknown what electrical conditions most favour the dis- 
appearance. Preliminary observations showed that the disappear- 
ance of gas was closely connected with the appearance of the glow- 
in the vessel. In any given state of the discharge vessel, the glow 
appears sharply at a definite potential difference between the elec- 
trodes; this is termed the glow potential. The relationships exist- 
ing between the glow potential and the thermionic emission, the 
pressure, of the gas, the nature of the gas, and the form of the 
electrodes, respectively, have been examined. Small amounts of 
impurity change the glow potential very markedly, particularly in 
hydrogen. The general connexion between the appearance of the 
glow and the increase of ionisation is considered. The great 
importance of the glow potential for interpreting the rate of dis- 
appearance of gas is indicated. A number of experiments on the 
disappearance of carbon monoxide in the glow discharge are 
described. The results are discussed and explained by supposing 
that the glow causes a chemical change in the gas, which is 
reversible. The recognition of the reversibility appears necessary 
to explain the phenomena. J. F. S. 

The Thermal Variation of the Coefficient of Magnetisa- 
tion of Anhydrous Sulphates and the Theory of Magneton. 

Ph. Th^odorides (Compt. rend., 1920, 171 , 715 — 717).— If 
X is the specific coefficient of magnetisation in the case of each of 
the three anhydrous sulphates studied, namely, manganous, 
.cobaltous, and ferric sulphates, the curve showing 1/X as a func- 
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lion of the temperature consists of two parallel straight lines joined 
by a short, curved portion. Ill the case of two of the sulphates, 
this discontinuity is very close to the point at which the mono 
hydrate loses its water, and it may therefore be due to a trace of 
impurity. In all these sulphates the molecular field is negative, 
and their virtual Curie point is below absolute zero. The results 
obtained conform with the theory of magneton. W. G. 

A Thermo-regulator. J. Fitch King (J. Amer. Chem. Sue., 
19:10, 42, 2058).— A device is described to prevent the contamin- 
ation of the mercury surface in thermo-regulators which operate an 
electrical control of the heating arrangements. The contamination 
cf the surface is due to oxidation when the small arc is produced 
at each break of the contact between the mercury and the wire 
coni act. This can be avoided by replacing the air in the regulator 
by nitrogen. To do this, a small bulb is blown in the capillary 
tube at. a short distance above the mercury surface, and in 
this bulb a globule of mercury is placed, so that a small volume 
of the tube is entirely cut off from the atmosphere. The wire 
contact passes through the globule, and can then make its contact 
in the usual way. The mercury globule rises and falls with the 
mercury surface below, but it never slips down and joins the lower 
mercury surface. The air space between the two mercury surfaces 
may be filled with nitrogen, but there is no need for this, as tho 
small amount of oxygen is speedily used up, and then the surround- 
ing gas is inert. J. F. S. 

Determination ol the Thermal Conductivity of Water. 

Max Jakob (.Inn. Physik, 1920, [ivj, 63 , 537—570). — A new 
method for the determination of the thermal conductivity of liquids 
is described. The thermal conductivity of water has been deter- 
mined from 7-4° to 72'6°. A table of results is given, which may 
be represented by the formula ,\ -=0'4769(1 + 0-002984t), in which 
the units are Calm. "'hour- 1 degree" 1 . In C.G.S. units 
(cal. cm." 1 sec." 1 degree" 1 ), the formula is 

A =0-001325(1 -t-0*002984t). 

The results are correct to 1%. J. R. P 

Radiation in Explosions of Hydrogen and Air. 

W. T. David (Proc. Roy. Soc., 1920. [A], 63 , 183— 198).— Mix- 
tures of hydrogen and air were exploded in a closed vessel with 
black walls. The proportion of heat of combustion lost by radi- 
ation during explosion and cooling decreases greatly with the 
mixture strength. Tho total radiation emitted is a linear func- 
tion of the maximum temperature developed. The proportion of 
heat lest by radiation up to the moment of maximum temperature 
varied between 0'5% (strongest mixture) and 1'4% (weakest mix- 
ture). The maximum rate of emission occurs approximately at 
the point, of maximum temperature. Weak mixtures radiate more 
strongly in the initial stages of cooling than stronger mixtures 
when they have cooled to the same mean temperatures. The rate 
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of emission in the strongest mixture is approximately proportion 
to the fourth power of the absolute temperature. This does u 0l 
hold in the initial stages of cooling of weak mixtures, but hold 
satisfactorily in the later stages. The 2'8 fx emission band uf 
steam ceases to be emitted when the temperature has fallen to 
about 1000° abs. The radiation contains wave-lengths greater and 
less than this. In experiments with silvered vessels, it was found 
that the intrinsic radiance increases with the size of the vessel 
and the gases after explosion are very transparent throughout 
cooling to radiation of the same kind as they emit. 

The results are taken to indicate that the vibratory degrees of 
freedom of the steam molecules corresponding with radiation of 
2‘S /a share the heat energy of the molecules only above 1000° abs 
and this may account for the rapid increase of specific heat in this 
region. J. R. p 

The Specific Heat of Saturated Vapours at Low 
Temperatures. G. Bruhat (Compt. rend., 1920, 171, 7J2),_ 
A reply to Aries (this vol., ii, 585). W. 0. 

Aggregation at the Melting Point. William R. Fielding 
(Chem. Ne wt, 1920, 120, 241—242, 255—256, 302—303; 121, 
87 — 88, 150 — 153). — At the melting point, the molecules of each 
element are aggregated in a definite manner to form “ melticules." 
The “melticular weights” of elements increase with the mellino 
point. If the melting points are plotted against the melticnlar 
weights, all the elements lie on a single parabolic curve; if the 
melting points are close together, the curve is nearly a straight 
line. The rate of aggregation, R, is found by dividing the nielli- 
cular weight by the molecular weight. If the quotient sp.ht . 'ft 
is plotted against the melting point, the elements considered lie. 
on a parabolic curve, but if m.pt.x sp.ht. is plotted against ft. 
the curve is nearly a straight line. 

The specific heat is calculated by the formula 
m.pt. x sp.ht./7?^4T5. 

A table of melticular weights and values of R is given. All 
elements with abnormally low specific heats are polymerised. In 
each group of elements (with occasional exceptions), and very 
often in the same series, the specific heat falls with increase of 
atomic weight. The considerations are applied to compounds. 

J. R. P. 

Clausius’ Vaporisation Formula and a Comparison of 
the Vapour-pressure Curves o! Two Substances. Fn. A. 

Henglein ( Zeitsch . Elektrochem., 1920, 20, 431 — 436).— The 
Ramsay-Young and the Diihring rules have been deduced from 
the Clausius vaporisation formula, and thereby the physical signifi- 
cance of the constants occurring in these formulae has been demon- 
strated. Diihring’s rule is a special case of the general formula 
/ 7*20.,= (7'i — 0,) / (T 2 - #o) , which holds even at high tempera- 
tures, and in which T, and 0j are the boiling points of a substance 
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( tw0 different pressures, and T and d., the boiling points of 
■ not her substance at the same two pressures. The constant k is 

roximately equal to the relationship between the molecular 
heat of vaporisation of the two substances. A formula is developed 
from the Clausius vaporisation formula which has the form 
1 f = «log T t +b. This formula holds exactly up to the critical 
noint In this formula, T , and T, are the temperatui'es at which 
both substances possess the same vapour pressure; a and h are 
constants. The constant a has a value between 0 8 and l'o, and 
should it be exactly unity, the formula becomes the simplified 
Ramsay-Young formula. This equation is tested on a large 
number of substances in comparison with water. The agreement 
between the known experimental values and the calculated values 
is very good, so that it is practically possible to determine the 
vapour-pressure curve of a substance from that of water. The 
vapour-pressure regularities recently found by Herz (A., 1916, 
ii, 311) are explained. ,1. F, S. 

Finiteness of the Expression j GjT.d'T in Wegscheider's 

J l) 

Vapour-pressure Formula. F. May (Ztilsch. phytihal. Chem., 
1920, 95, 434). — A theoretical paper in which it, is shown that the 
integral mentioned in the title becomes at the lower limit an 
infinite function, and, further, the integral has no definite value, 

since! o'/r.tZIWlim I =+«, a condition which Wegscheider (this 
.1 o «=o J »+« 

vol.. ii, 598) has 'net taken into account in his vapour-pressure 
formula. J- *'• S. 

Finiteness o! the Expression JCjT.dT. Rudou' 

Wegscheider ( Zeitsch . physical. Chevi., 1920, 95, 43a — 437. 
Compare preceding abstract). — An answer to May’s criticism oi 
the author’s vapour-pressure formula, in which the use of the 
integral in question is justified. J. F. S. 

Normal Vapour Pressures. C. von Rechenberg (J. pr. 
Chem 1920, [ii], 101, 1 12— 122).— The present, difficulty in 
making comparisons between the boiling points of substances deter- 
mined under differing, diminished pressures leads the author to 
propose the adoption of a second standard pressure, which could be 
achieved by using a fraction of the physical atmosphere (760 mm.) 
or of the technical atmosphere (737 mm.), or a multiple of the 
absolute unit of pressure of the thermodynamic scale of the 6'. 6 .S. 
system. The latter course appears preferable, and a standard 
pressure equal to 15 mm. of mercury is suggested. 

In the determination of boiling point under considerably reduced 
pressure, errors in the reading of the manometer are shown to be 
far more serious than those caused by incorrect reading of the 
thermometer. 

On the basis of the Crafts- Young formula, the boiling points 
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of substances can be calculated to 15 mm., in accordance with the 
expression C=r(15-p)(273 + t), in which t is the approximate^ 
estimated boiling point under 15 mm. pressure, x is a coefficient 
depending on the nature of the substance, and C is the correction 
to be applied. In utilising the formula for the calculation 0 ( 
boiling point at atmospheric pressure, it is found adequate to 
divide substances into two classes, for one of which the mean valt e 
of x is O'OOOIO, and for the other 0-00012; for pressure beloi- 
25 mm., however, a further subdivision is necessary, and (W 
following values of ,r are calculated from the recorded boilinv 
points at 14 — 15 and 15 — 16 mm.; 0-004187 for hydrocarbon! 
ethers, oxides, thiocarbimides, inercaptans, sulphides, nitriles, ar.d 
acid chlorides; 0 004009 for ketones; 0'003946 for esters, amin es 
and aldehydes; 0-003720 for phenols; 0 003574 for acids; O OO345; 
for alcohols; 0'00301 for hydrazones; fl’002835 for quinones. Th f 
entrance of chlorine, bromine, or iodine atoms, or of the nitro- 
group, into a compound has less effect than isomerism on the 
coefficients. The calculations, both for 760 mm. and la mm,, are 
only valid in the total absence of dissociation or other transform 
ation. The calculation for 15 mm. is not designed for the oorrec- 
tion of a boiling point determined at any reduced pressure to this 
particular value; if it is to be employed, the determination must 
be effected in snch a manner that the reading of the manometer, 
which must be affixed to the boiling tube, only differs slightly from 
15 mm. H. W. 

Some Applications o! the Method of Distillation ij 
Steam. Joseph Reilly and Wilfred J. Hickinbottom (Sei. 
Proc. Roy. Dub!. Sot., 1920, 16, 131 -142). — The suitability of 
the distillation method for determining molecular structure is dis 
cussed, but a consideration of the distillation constants of a number 
of compounds shows that, although the molecular structure mar 
be inferred in certain cases. Ibis method cannot be appliti 
generally without the support of further evidence. 

The distillation of solutions containing a volatile solute can bt 
applied to detect changes in the state of molecular aggregation 

By reason of the fact that butter-fat contains appreciable 
amounts of butyric acid, whilst this acid does not occur in appreci 
able amounts in other fats of the type examined, butter-fat may- 
be differentiated from these fats by the method of analysis oi 
solutions by distillation. [See also J. Soc. Chem. hui., 1920. 
804a.] W. G, 

Calorimetric Procedure lor Determining the Heats ol 
Slow Reactions. II, Calorimetry of a Slow Reaction: 
Heat of Inversion of Sucrose by Acids. Frederick Bjkh 
(.7. Amur. Chem. Soc., 1920, 42, 1911 — 1945. Compare this rol., 
ii, 533). — A method is described whereby the beat of inversion of 
sucrose by hydrochloric acid is measured with a precision largely 
determined by the characteristic errors of precise mercury therao- 
metry. This reaction is exothermal, and involves a partial cm- 



GENERAL AND PHYSICAL CHEMISTRY. 


ii. 735 


currant and endothermal beat of mixture, which, under favourable 
conditions, continues for nine hours. The adiabatic method, which 
alone is applicable in such determinations, is thus shown to be 
generally adequate for the precise calorimetric measurement, not 
only of swift reaclions, but of any reaction which at ordinary 
temperatures requires less than a day for iis completion. A way 
is thus indicated whereby chemical, kinetic, and total energy data 
may, in general, be directly correlated. The process itself is illus- 
trative of such correlation. Incidentally, ilia procedure suggests 
a oeneral and uniform method for the precise determination of 
■idiabatic velocity-coefficients, and thus of the temperature-coeffi- 
cients of velocity constants, by energy measurements alone. A 
number of modifications of the usual calorimetric practice are 
described. These are necessary for the measurement of the heats 
of slow reactions, but they are also generally applicable. Notice 
is taken of the probable source of error in mercury thermometry, 
due to the effect of radiation cu encased thermometer threads. 
The following experimental data have been obtained: heat of 
inversion of sucrose by hydrochloric acid at TO 0 , 10 4 + 0 06 gram 
cals, per gram; heat of solution of sucrose in water at 20°, 
3 ' 43 ±0-02 gram cals, per gram for solutions up to about 4% sucrose 
concentration; heat of solution of sucrose in 154.V-liydrochloric 
acid, 4-23 ±0‘O5 gram cals, per gram for solutions containing up 
to 4% sucrose; heat of solution of anhydrous o-glucose in water 
at 20° and in 1’64.V -hydrochloric acid at the same temperature, 
13 9 ±01 gram cals, per gram for solutions containing up to 4% 
glucose. J- F. S. 

The Principle of the Constant Sum of the Energy of 
Formation and its Partition between the Atomic Linkings 
in Aromatic Substances. A. L von Steiger (Ber. t 1920, 53, 
1766 — 1772). — Tn a previous paper (this vol., ii, 355), the 
energy of the C-C and C-H linkings in aromatic hydrocarbons was 
calculated, on the supposition that, in six-ring or condensed six- 
ring systems, the C-C and C-H linkings, respectively, are all equi- 
valent. It is certain, however, that in such compounds all C-II 
linkings are not equivalent (in naphthalene, for example, the 
a- and /3-hydrogen atoms have different reactivities), but. since the 
heat of combustion can be accurately calculated from constant x 
and y values for all C-H and C-C linkings, it follows that there 
must be some compensating effect at work. A principle of parti- 
tion of the energy of the atomic linkings is worked out on the 
assumption that all the energy values may bo different, and that 
the heat of decomposition of a >CH group is /q —y-r -r, and that 
of a carbon atom united to three others, k ± — 3 2//, where •>’ and y 
have the same significance as above. In other words, the sum of 
the energies of the linkings of each carbon atom is regarded as 
constant, instead cf the energy of each C-C and C-H linking. In 
applying these assumptions to the consideration of hypothetical 
oases, it is assumed that when the energy of one linking of a carbon 
atom is increased, that of each of the two others is correspondingly 
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decreased. (Each aromatic carbon atom is regarded as tervalent, 
loc. cit.) It is shown that a change in the energy value of one 
such linking affects all the carbon linkings in the system, the effect 
diminishing as the distance from the disturbance becomes greater. 

The energy value of the C-C linking in aromatic compounds i s 
greater than in aliphatic compounds, and in the case of an 
aromatic-aliphatic linking, the value must lie between these two. 
For example, in toluene, the energy value of the side-chain C-C 
linking is higher than in an aliphatic compound, and the value for 
each C-H linking in the -CH S group is correspondingly lowered, 
according to the above principle, with the result that the side- 
chain hydrogen atoms are more reactive in toluene than in ethane 

E. H. ft. 

The Relation between the Physical Properties of some 
Organic Liquids. W. Herz (Zeitsch. anorg.Chem., 1920, 112, 
278—282. Compare this vol., ii, 414).— In a former paper (tlm 
vol., ii, 285) it was shown that the quotient of the critical tempera, 
ture and the critical pressure, Tt/pi, divided by the sum of the 
valencies of the atoms in the molecule, z, is equal to a constant, 

0 44, for a large number of non-associated compounds. Combin- 
ing this with the expression 74 — 4(l/A' 20 -t-293), where Iq,, is the 
coefficient of expansion at 20°, the critical pressure can be calcu- 
lated from a knowledge of and z. This has been done for a 
number of liquids of the aliphatic and aromatic series, with fair 
agreement between observed and calculated values of p*. A rela- 
tion is also deduced between molecular weight, critical density, 
and number of valencies, which is expressed by r4=d//9'24r, 
This relation is checked against a large number of liquids of known 
critical density. The critical molecular volume assumes the simple 
form 3/F=9-24z. From the relation £-0-666pi/<4, where L is 
the heat of evaporation at the boiling point, combined with the 
above relationships, it follows that l can he calculated front a 
knowledge of A’oq, dr, and z, or from />%, and the molecular weigh 
by the equation £=0-6993(I//-. !o +293")/.W. E. H. R. 

Comparative Method for Determining Vapour Densities. 

II, Philip Blackman ( J . Physical Chem., 1920, 24, 267 — 2i 6),— 
A weighed amount of the substance is introduced into one tail) 
of a U-tube over mercury. Air is present in both limbs. 1M 
apparatus is then heated in a hath until the substance is com- 
pletely vaporised. Formula! for calculation of the vapouiMlensil! 
are given. ’’ ' 

A Relation between the Volume and the Viscosity of 
some Organic lone. Homer W. Smith [J. Physical Cte*., 
1920, 24 , 539— 561).— The velocity of an organic ion is in- 
dependent of the mass of the ion and of its configuration, 
depends essentially on two factors, namely, the specific nature o 
the nucleus or polar group to which the ion owes its chemica 
properties, and the total volume of the ion. In any senes ol m- 
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having a common ionic nucleus, and no other (namely, COO', 
y 1 1 . _NH', etc.), and apart from certain well-defined disturbing 
influences, the velocity is an inverse exponential function of the 

volume. J- R. P. 

Fluidities and Specific Volumes ol Mixtures of Ethyl 
Benzoate and Benzene. Euoexe C. Bingham and Landov A. 
Sarveb (•/■ A mcr . Chem, Soc., 1920, 42. 2011— 2022).—' fhe 
viscosity and density of mixtures of benzene and ethyl benzoate 
of a scries. of compositions have been measured at temperatures from 
,)° to 75°. Prom the experimental data, specific volume-tempera- 
ture, fluidity-temperature, and fluidity-specific volume curves have 
been constructed. It has been stated that when inert liquids are 
mixed, the fluidity is a linear function of the volume composition. 
Benzene and ethyl benzoate neither undergo contraction nor is 
(here any development of beat on mixing; they are therefore to be 
regarded as inert towards cne another. At 25°, the fluidity- 
volume concentration curve is not linear, and the cube roots of 
the viscosities are a linear function of the molecular concentration. 
This indicates that benzene and ethyl benzoate must show quite 
perceptible concentration on mixing, which is proof of the aggrega- 
tion demanded by the fluidity-volume concentration curve. 
Furthermore, the cube-root equation applies at only (he one 
temperature used in the earlier work, but it does not apply at 
either higher or lower temperatures. This example is therefore 
not only not evidence against the fundamental hypothesis that 
fluidities are additive, but it furnishes strong evidence in its 
favour. J. F. S. 


The Sorption of Copper Sulphide. K. Scherinoa (Pharm. 
Weettlad, 1920. 57, 1294—1295. Compare A., 1918, ii, 409; 
1919, ii, 367). — A curve given previously by the author for the 
carrying down of sodium chloride from solution by precipitated 
copper sulphide is found to hold only for very narrow limits; at 
different concentrations, very different quantities are carried down. 
The formation of a precipitate is probably preceded by the separ- 
ation of structureless particles, surface tension being stronger than 
the directive force of crystal formation; these particles are able 
to adsorb other substances, a property which disappears as crystal 
formation sets in. S. I. L. 


Sorption oi Cellulose (Filter-paper) and Starch. 
Imbibition. K. Scheringa (Pharm. Wcekblad, 1920, 57, 1289 — 
1294).— The adsorptive power of filter paper is largely due to the 
distensible capillaries, which give it the character of a rather coarse, 
disperse medium. Since cellulose acts in water as a negative colloid, 
solutions of negative colloids, such as the metal sulphide sols, are 
stable towards it, whereas positive colloids, such as the metal 
oxide sols, are flocculated and suffer adsorption. The adsorption 
of neutral salts is slight, being relatively greater with more dilute 
solutions. The same is true for alkalis and alkaloids, but here the 
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adsorption is greater, and is completely inhibited by traces 0 f 
acid. Since filler paper takes up ammonia and carbon dioxide 
from the air, all experiments were carried out with sheaves of 
paper dried at 120°. 

In the ease of starch, the behaviour is less simple, depending on 
the degree of hydration, the temperature employed, etc., but here 
al* adsorption was relatively greater with more dilute solutions 
ana largely inhibited by traces of acid. S, I, L. 

Deduction of the Dissociation Equilibrium from the 
Theory of Quanta and a Calculation of the Chemical 
Constants. P. Eiircxfkst and V. Tkkal ( Proc . K. Ahi 
Wetensch. Amsterdam, 1920, 23, 162 — 183).— A mathematical 
paper in which the conditions of equilibrium of a dissociating gas 
are deduced by statistical methods from the quantum theory. 
The relation between probability and entropy is discussed, and the 
ordinary calculations are extended by taking account of the group, 
ing and motion of the atoms in the molecules. A vapour-pressure 
formula for very low temperatures is deduced. 

On comparing the dissociation equation deduced with the corre- 
sponding thermodynamic equations, values are obtained for the 
chemical constants in the latter. J. R. P. 

Explanation of an Apparent Anomaly Outstanding in 
the Results of the Measurement of Dissociation Pressures, 

Alan W. C. Mknzies (/. Amer. Cfiem. A'oc., 1920, 42, 
1951 — 1956). — The experimental dissociation pressures of Tam- 
mann (A., 1888. 403), Schotlky (A., 1908, ii, 1016), and Partington 
(T., 1911, 99, 466) have been outlined so as to elucidate an anomaly 
which is outstanding at. the present time, namely, that the dis- 
sociation pressures of salt hydrates appear higher when measured 
by the gas current saturation method than when measured by the 
tensimetric method, and that tensimetric measurements yield read- 
ings which are greater at the beginning of the experiment than at 
the end. The explanations if this discrepancy put forward by 
Tammann ( loc . cit.), Nernst (Zeitsch. physikal. Ohm., 1908, 64. 
425), Campbell (A., 1915, ii, 516), Partington (loc. cit.), and 
Brerelon Baker (Ann. Reports, 1912, 8, 34) are considered, A 
number of criticisms and suggestions in connexion with both 
methods are put forward. The dissociation pressure has been re- 
determined for copper sulphate pentahydrate by both methods, 
and the results of previous workers confirmed. It is shown that 
the results of the ga'.-current method are, as was to be expected .to 
be, a little higher than those of the tensimetric method, and that 
the discrepancy observed is well within the experimental error o 
such measurements, consequently there ceases to be an aocnia y 
It is shown that the tensimetric results of Frowcm (A., 1888, 33/1, 
often regarded as standards, should be accepted with caution. 
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Theiretical Investigations of the Condition of Dis- 
sociation. II. A. The Influence of Bivalent Ions. B. The 
Influence of Colloidal Condition. L. Michaelis ( Biochem . 
Zritich., 1920, 106, 83 — 91). — A theoretical paper. 8. S. Z. 

Spontaneous Velocity of Diflusion of Molten Lead. 

j. Gr6h and G. von Hevesy (Ann. Physik, 1990, [iv], 63 , 85—921, 
-The spontaneous diffusion of molten lead has been determined 
by placing a layer of molten lead above a layer of a radioactive 
lead isotope (thorium-#) in a narrow, hard glass tube, and placing 
the tube in an upright position in a furnace of constant tempera- 
ture for periods varying up to two days. After cooling, the lead 
was cut into sections, and the a-ray activity measured in each 
piece. From the measurements, the quantity which had diffused 
to various heights was calculated. The, results of seventeen experi- 
ments show, a3 a mean value, that 2'2 grains diffuse through an 
area of 1 sq. cm. per day at 343°. This value has been reduced 
to ordinary temperature and the viscosity of water, and the value 
i'l grams cm. 2 /per day obtained. This value is approximately 
three times as large as the velocity of diffusion of the lead ion in 
water, from which is deduced that the radius of the lead ion is at 
least three times as large as that of the lead molecule in molten 
lead, and in consequence the lead ion is regarded as being heavily 
hydrated. J. F. S. 

Osmotic Pressure Regarded as a Capillary Phenomenon. 

H. Hulshof ( Prnc, . K. .1 had. Wetensch . Amxtrrdnm, 1920, 23, 
184 — 192). — A mathematical discussion of osmotic pressure on the 
basis of molecular attraction. J. R. P. 

Planck’s Theory of Dilute Solutions. P, Boedke ( Physikal . . 
Xcitsch., 1920, 21, 551 — 552). — An extension of a former paper 
(this vol., ii, 229). Retention of terms of the second order in 
respect of concentrations in the expression for the potential is not 
sufficient to include known cases of equilibria. J. R. P. 

The Irregular Series of Flocculation. H . R. Kruyt and 
(Mme) H. G. van Arkel-Adkiani {Re c. true , chim., 1920, 39, 
009 — 614). — From a study of the flocculation of neutral and 
alkaline gold sols by thorium nitrate and by colloidal thorium 
hydroxide, the authors conclude that, as a general rule, the 
irregular series are produced by the strong electro-capillary action 
of the ions, which discharge. It is only in the case of the inten- 
tional formation of an hydroxide sol, in alkaline medium, that the 
phenomenon of reciprocal flocculation occurs. W. G. 

The Relation between the Limit Value and the Con- 
centration of Gold Sols. H. R. Kriiyt and A. E, van Arkel 
(Rec. trav. chim., 1920, 39, 615 — 617. Compare preceding 
abstract). — It has previously been shown for a sol of arsenious 
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sulphide that with the potassium ion the limit value increases 
with dilution of the sol, whilst with the barium ion it remains 
almost constant, and diminishes considerably with the aluminium 
ion. It is now shown that in the case of a gold sol the limit value 
increases either with a potassium, barium, or aluminium ion ail( j 
only diminishes slightly with the quadrivalent thorium iun 

w. a. 

The Critical Potential. 11. F. Kruyt (Rcc. trav. chini. t 1920 
39, 618 — 622). — A theoretical discussion of previous work (p r ^. 
ceding abstracts), in which it is shown that for a given disperse 
substance the critical potential is only a constant within certain 
limits. It is necessary to take into account also the probability 
of adhesion. W. G 

Thermo-kinetic Explanation for the Reciprocal Attrac- 
tion of Colloidal Particles. (A Possibility of Explaining 
Gravitation.) Robert Fricke (Zeitsch. physikal. Chem 1920 * 
95, 441— -456). — A theoretical paper in which the reciprocal attrac 
tion between colloidal particles in solution is shown to be due in 
part, to kinetic actions, and not entirely to molecular attraction 
The same conclusion is drawn for gas disperse systems, and a 
thermo-kinetic “ shadow’’ hypothesis developed. This thermo- 
kinetic “ shadow " hypothesis is further developed to a general 
energetic shadow hypothesis, which, on certain assumptions, is 
applied to other physical problems, particularly gravitation. 

J. F. S. 

The Formation and Stability of Colloidal Solutions. 

P. P. von Weimarn (.l/m. tcole mines de I'Oural, 1919, 1, 14—16), 
—Theories of the stability of colloidal solutions which are based 
entirely on the influence of ions, such as that of Malfitano (A,. 
1911, ii, 102), cannot be of general application, for, just 
as concentrated true solutions of a substance can be obtained in a 
solvent in which it is practically noil-ionised, so can stable colloidal 
solutions of any substance be made in non-ionising solvents, 
Colloidal solutions of a substance in a dispersion medium in which 
it does not form a true solution cannot be prepared in more than 
very limited concentration unless a dispergator (peptising agent' 
be present. Chemical Abstracts. 

The Fundamental Principles of Synthesis of Dispersoids 
in the Light oi my Researches from 1906 to 1916. 

P. P. von Weimarn (Ann. ecole mines de VOural , 1919. 1. 1—5} 
— (.4) General principles. (1) Any substance may be obtained in 
any degree of dispersion. (2) During solution of any substance n 
any solvent, the substance passes through the dispersoid state. Near 
a transition point the substance is in the dispersoid state. (Ii) Se- 
ditions for the dispersoid slate irreversible with temperature 
(I) Dispersoid solutions of low concentration result from reactions 
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producing the substance in a medium in which it is only slightly 
soluble, provided the reacting substances are very dilute. (11) Dis- 
persoid solutions of higher concentration. (1) These coagulate at 
once in media which are practically completely indifferent to the 
disperse phase. (‘2) For the preparation of dispersoid solutions of 
higher concentration, conditions of dispergation (peptisalion) 
(A., 1909, ii, 306; “ Grundziige der Dispersoidchemie,’’ 1911, 
75 )’ a nd of dispersoid parasitisjn must obtain. (3) Homo- 
chemical compounds (barium sulphate forms homochemical 
compounds with all barium salts and all sulphates) exist 
for every substance and make it possible to realise conditions of 
dispergation and dispersoid parasitism. (Ill) Dispersoid precipi- 
tates. (1) These are obtained for any substance by carrying out 
the reaction forming if. in a medium in which it is very slightly 
soluble. (2) A high degree of dispersion exists the longer the 
lower the solubility in the medium and the more indifferent to it. 
(3) The home- and hetero-chemical cohesive forces exerted on the 
disperse phase by the dispersion medium and by substances in 
solution in it retard the union of the particles of dispersed phase, 
and hence the velocity of crystallisation. (C) Principles govern- 
ing the dispersoid state reversible with temperature. (1) Any 
substance can be obtained by slow cooling of its solution as a 
highly dispersed gel or glass, which can be dissolved again on 
slowly warming. (2) By proper choice of dispersion medium, it 
can be made practically impossible to obtain the substance in the 
coarse stale of dispersion. (3) The most important factors govern- 
ing the ability to obtain the substance in reversible dispersoid state 
are: (he solvation, solventolysis," dispersoid parasitism, and the 
ability of the medium to solidify to a gel. (4) In systems in which 
the solubility decreases as the temperature increases, reversible 
dispersoids are obtained by processes the reverse of those used for 
systems in which the solubility increases with rising temperature. 

Chemical Abstracts 

Precipitation of Colloids. Humph rut 1). Murray ( Phil 
.1 fag., 1920, [vi|, 40 , 578 — 585).— A theoretical paper in which, 
from calculations based on Oden’s data for colloidal sulphur and 
Freundlich's data for colloidal arsenious sulphide, it is shown that 
the minimal concentration of univalent cations required to pre- 
cipitate a negatively charged colloid under similar conditions of 
concentration and temperature in a given time varies with the 
atomic number of the cation, and in general is given by an equa- 
tion of the form C~K . X n , in which C is the concentration of 
the cation, .Y the atomic number of the cation, n a constant for 
the colloid at that particular concentration, and 1\ a constant 
depending on the nature of the colloid and the anion. Taking the 
case of univalent cations with a common anion (CP) and sulphur as 
the colloid, (7j = 5*9i\ T_1,M ; potassium constitutes the only excep- 
tion to this out of six cases examined. From a few examples, the 
equations and G , 3 -0-33iV-i-' 54 are obtained for 
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bivalent and ter valent cations respectively, where Cl' is tlio anion 
In the case of anions with colloidal ferric hydroxide, the val^ 
C'^0‘00215xV 0 ' 45 is obtained. In all cases, when log 6' is plotted 
against log.Y, straight-line curves are obtained. If the f 0 r e . 
going results are substantiated, it follows that Whetham's lav,- 
requires modification, probably by comparing the precipftatiuo 
power of only those ions for which the values of A Tft are approx ir- 
ately equal. J, p § 

Gelatin as an Emulsifying Agent. Harry K Holmes and 
William C. Child (J. Amer. Chem. Soc. } 1920, 42, 2049—2056] 
— The formation of petroleum-water emulsions by the aid of 
gelatin has been studied. It is shown that the maximum lower- 
ing of the surface tension should be obtained. This is secured 
just as well by 0*3— -0'4 gram of gelatin per 100 c.c. of water a; 
by 1*0 gram. Acids, bases, and liquefying salts (sodium iodide, 
sodium chloride, and sodium nitrate) also lower it a little, whilst 
solidifying salts (sodium sulphate, tartrate, and citrate) raise it, 
Viscosity must not be increased more than a little beyond that o: 
water. This means either that only a small amount of gelatin can 
be used or that- the gelatin must be liquefied by the proper electro- 
lytes. The latter method yields the better emulsion. An excess 
of acid, base, or liquefying salt should not be used. This probabk 
means that the structure of the gelatin must not be entirely 
destroyed or that it must not be reduced nearly to molecular size. 
There is no convincing evidence that gelatin particles are with- 
drawn from the solution to form adhesion layers about the oi! 
droplets. There is no evidence that, as the oil content is increased, 
the gelatin content must also be increased to produce as good an 
emulsion. This would certainly be the case were adhesion layer* 
formed around the oil droplets. One gelatin content in a given 
volume of water can be selected which will make the best emulsion 
for all oil contents. The main factor in oil-water emulsification 
with the aid of gelatin is viscosity, not the maximum, but the 
most favourable, viscosity. J . F. S. 

Determination of the Number of Independent Constit 
uents of a System of Substances. Louisi Dudreuil (Compl. 

rend ., 1920, 171, 720—721; Bull. Soc . chim 1920, [iv], 27. 
809- -813).- -A mathematical expression is deduced which gives the 
number of independent variables in functions of which the changes 
in the chemical composition of a system of compounds can be 
expressed. W. G. 

The System Na 0 HPO r NaCl~HoO. Tsuruji Okazaki 
(J. Tokyo Chem . Soc., 1920, 41, 602- -620).— Primarily with the 
view of finding convenient transition temperatures of some hydrate 
which might be used for calibrating scales between 35° and 42~ 
for a clinical thermometer, the author studied the. effect of sodium 
chloride on the transition temperature of the hydrate of disodmni 
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phosphate. For the lower scale, the transition temperature 35‘4° 
of pure Na,HP0 4 .12II,0 = Na,HP0 4 ,7 H : ,0 - 5H..0 can be used. 
For the upper limit-, 39 - 3° could be oblaiaoJ if equal parts of the 
tlodecahydrate and the heptahydrate of the phosphate and two- 
third parts of sodium chloride are mixed. .More extended ranges 
of transition temperatures with various mixtures of the compounds 
and the nature of this system were studied in addition. The 
results obtained are given in three curves and two tables. 

Chemical Abstracts. 

Theory of the Velocity of Chemical Reaction. F. A. 

Lixdemann (Phil. Mag., 1920, [vi], 40, 671--673).-— A criticism 
of the hypothesis put forward by Lewis (T„ 1918, 113, 471). In 
this paper, Lewis shows that the velocity of a chemical reaction 
is determined by the energy density of radiation of a certain 
frequency. The present author points out that the radiation 
density may he profoundly modified by exposing the reaction to 
some external source of radiation, and, if Lewis's hypothesis is 
true, this should completely change (lie velocity of reaction, but 
no such phenomenon has been observed. Using Lewis’s example 
for the inversion of sucrose by 0*9 Y -hydrochloric acid, it is shown 
that the reaction ought, on this hypothesis, to have a velocity 
10 13 times as great in sunlight as in the dark. Yet the reaction 
actually proceeds at appreciably the same rate whether it, is 
exposed to sunlight or not. J. F. S. 

Formula for the Temperature Dependence of Velocity 
Constants in Gas Reactions. J. Tresling ( Proc . K. Akad. 
Wetensch. .1 outer dam, 1920, 23. 143—148). — A mathematical 
paper in which the classical kinetic theory is applied, with special 
assumptions, to the derivation of formulas for the dependence of 
reaction velocity on temperature. J. R. P. 

The Velocity of Decomposition of High Explosives in a 
Vacuum. I. Robert Crosbie Farmer (T., 1920, 117, 1432 — 1445). 

Rate of Chemical Action in the Crystalline State. 

C. N. Hinshelwood and E. J. Bowen (Phil. Mag., 1920, [vi], 40, 
569—578). — The rate of decomposition of potassium permanganate 
at 240° and 217°, solid solutions of potassium permanganate and 
perchlorate at 239°, ammonium dichromate at 219°, potassium 
permanganate and manganese dioxide at 220‘5°, and tetranitro- 
aniline at 140° and 120°, has been determined. The experiments 
were carried out with crystals of varying sizes, and the rate of 
reaction determined by the gas evolution. The change appears 
to be confined to those molecules in the neighbourhood of the 
surface, and in the region where a progressive disintegration of 
the crystal structure takes place the change is strongly accelerated. 
Solution in another solid causes a reduction in the rate of reac- 
tion. The results show that the molecules in the interior are 
under some kind of restraint; this may be connected with the fact 
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that in the interior the molecules are bound by valency forces on 
all sides, or it mav be referred to the internal pressure. 

J. P. S. 

Ideal Catalysis and the Theory o! Dislocation. 

J. Boeseken {See. trav. chim., 1920, 39, 623— 639).— A more 
detailed account of work already published (compare A., 1914 
ii, 554, 847). W. 0. 

Promoter Action in Catalysis. Robert Norton Pease and 

Hugh Stott Tavlor (./. Physical Ghent ., 1920 , 24 . 241 — 265) . 

Promoter action in catalysis is understood as including all those 
cases in which a mixture of two or more substances is capable of 
producing a greater catalytic effect than can be accounted for on 
the supposition that each acts independently and in proporlion to 
the amount present. An example is furnished by the use of iron- 
molybdenum in the synthesis of ammonia. Iron and molybdenum 
are "both catalysts for the reaction, but a mixture of equal parts 
of the two is much superior as a catalyst to either alone, A dis- 
tinction is made between this type of activation (co-activation) 
and cases (activation) in which a relatively inert substance increases 
the activity of a catalyst. Neutral salt action is an example of 
the second type. Examples of promoter action in heterogeneous 
and homogeneous catalysis and enzyme action are given. 

J. R. P. 

The Constitution and Structure of the Chemical Ele- 
ments. Hawksworth Collins ( Chem . Aries, 1920, 121, 219—222). 

-A continuation of a previous paper (this vol., ii, 680). 

J. R, P 


Constitution and Structure of the Radioactive Elements. 

Haivksworth Collins (Client. .Vein, 1920, 121. 243 — 244).— 
The reasoning applied in previous papers (this vol.. ii, 26, 6661 
is extended to radioactive elements. It is concluded that the 
characteristic constituent of these is a portion represented by 
hexadic titanium. This is shown to explain the emission of 
/3-particles from the elements. J. R 1 • 


Atomic Structure and Chemical Properties. Run. 
Kohlweiler (Physical. Zeitseh., 1920, 21, 543 — 549). — In opposi- 
tion to the prevailing views on the matter, the author consider 
that the chetnical properties of an element are intimately connected 
with the constitution oi the atomic nucleus. The constituents ol 
nuclei are the helium nucleus, the hydrogen nucleus, and the 
electron. After the building up of a central nucleus, compose 
of a helium nucleus, or two hydrogen nuclei, for elements of e«n 
maximum valency, the uncompensated positive charges ot t"' 
helium nuclei combine to groups of eight units. The resi ua • 
ungrouped charges, varying from 0 for the inactive gases, throng) 
8 for the transitional elements, to 14 for the halogens, then «e ei 
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mine the chemical characters of the element. The larger or smaller 
number of groups of 8 positive charges corresponds with analogous 
elements, whilst an equal excess or deficit, of positive and negative 
units gives rise to> isotopes. The theory enables many phenomena 
of valency, electrochemical character, etc. (A., 1918, ii, 304), to 
be explained. The action of the outer electrons may mask that 
of the nucleus, but the assumption that the latter is of no account 
in determining the chemical properties is none the less incorrect. 
Radioactive changes are quoted as examples of changes of chemical 
character due to alterations of the nucleus. The impossibility of 
changing the chemical character of an element is compared with 
the independence of radioactive properties on external conditions. 
Changes of valency, which arc readily brought about, are condi- 
tioned by the external system. The views of Kossel (A., 1916, 
ii 243) are adversely criticised. J, R. p. 

Stability of Atoms as Related to the Positive and 
Negative Electrons in their Nuclei, and the Hydrogen, 
Helium, H 3I H 2 Theory of Atomic Structure. William I). 

JTafkinh (J. Amer. Chem. Soc., 1920, 42, 1956 — 1997. Compare 
A., 1915, ii. 543. 544, 814; 1916, ii, 241; 1917, ii, 303; 1918, ii, 89; 
this vol . , ii. 479, 541). A theoretical paper in which (he theory 
put forward in previous papers is extended. The negative 
electrons in the nuclei of atoms are largely associated in pairs, 
either as 'binding” or “cementing” electrons. Pairs of binding 
electrons serve to bind together a number of positive electrons into 
a primary group or particle. The most abundant of these is the 
a-particle, consisting of 2 negative and 4 positive electrons, and 
having a net positive charge of 2. Its formula is (>u + ^i~) ++ , 
where »;+ is the positive and the negative electron. The 
a-particle makes up about 90% of all known material in meteorites, 
A second, less abundant, group is the (>/ 2 +3o“ )°, or p-group, which 
has a zero net charge, and makes up more than half of the rest 
of known material. Thus nearly all of the material, which consists 
of complex nuclei, exists in the form of groups made up of pairs 
of negative binding electrons, together with an even number of 
positive electrons. Isotopes of higher atomic weight differ from 
those of lower atomic weight by (he presence of a single p -group, 
or of one or two ” helio ’’-groups, or of both a helio- and a 
p-group. A helio-group consists of an a-particle with 2 negative 
electrons, which cement it to the nucleus of the atom. Atoms ot 
odd net nuclear charge are relatively rare; they consist mostly of 
a-particles, but the odd value of the net charge is caused by the 
presence of one odd numbered v-group, in the nucleus 

of each atom of odd atomic number. Of the light atoms, only 
glucinum and nitrogen contain an odd number of negative nuclear 
electrons, and these elements are not abundant, riven among the 
radioactive nuclei there are only a few which contain an odd 
number of negative electrons, and Ihey are very unstable. I he 
a-particle is assumed to be electrically negative in most of its 
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exterior, but to have a net positive charge of 2. Such particle 
repel one another at ordinary distances, and only attract when 
brought extremely close together in such a way that electrical 
couples are able to produce an attraction greater than the repulsi 0ll 
of -the net charge. Neither a single positive nor a single negative 
electron can attach itself to such a particle, nor will two such 
particles unite, but three to eight, and also ten, but not more 
than ten, a-particles unite to form a complex nucleus, in which the 
mass is twice the charge and the ratio of negative to positive 
electrons, XjP, is 0'5. Eleven positively charged a-particles will 
not alone unite to form a complex nucleus, since the positive 
charge, 22, is too large for the attractive action of the particles tu 
overcome the repulsive effect of the charge. More positive 
a-particles will add on if, at the same time, the ratio XjP 
increased. The ratio is increased by the addition of a helio- 
group, which increases the ratio X jP by a sudden jump fr 0 m Oo 
to 0*55. The increased ratio makes it possible for an extra positive 
a particle to attach itself, so two a-particles are added in one step 
and two cementing electrons in addition. Thus the cementin? 
electrons keep the nucleus stable as its self -repulsion increases, 
The atomic weight thus increases by 8 instead of the normal 4 
units. More a-particles then add on, decreasing the X IP ratio 
until the positive repulsion becomes so high that a second pair of 
cementing electrons adds on, and again the atomic weight increases 
with abnormal rapidity. It is shown that four series of atoms 
are known: the helium-thorium series, the meta-neon-uranium 
series, the lithium cobalt series, and the meta-chlorine scries. The 
relationships of these series with the periodic system are discussed. 
The atomic weights of all pure series of atoms are very close to 
whole numbers when calculated on the 0 = 16 basis. Tables are 
given of the total positive charge, total negative charge, a-cemenl- 
ing electrons, excess charge, and electron contents of the nuclei of 
all known atoms. When the net positive charge on the nucleus 
of an atom becomes greater than 28, the resultant self -repulsion 
becomes so great that relatively few atoms of this class cau be 
formed. Such atoms are relatively rare, and do not- make up more 
than 1/1000 of the material of the earth and meteorites, although 
they constitute more than two-thirds of the elements and more 
than three-quarters of the atomic species. In all common atoms, 
the ratio X jP is 0-5, or only very slightly above this value. The 
atoms become rare as soon as the cementing electron content rises 
above 2, and no number of cementing electrons is able to stabilise 
a nucleus with a posii ve charge greater than 28. Nuclei which 
contain an odd number of positive electrons are rare, and those 
containing an odd number of negative electrons rarer still. That 
is, atoms with an odd nuclear charge are rare, and when they do 
exist they are due to an odd number of positive electrons. Nickel 
is undoubtedly a mixture of isotopes; it has a low mean negative 
electron content, and therefore has a low atomic weight for its 
position in the periodic system. Nitrogen and scandium are not 
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members of any of the series mentioned above. Nickel, potassium 
calcium, and iodine have abnormally iow nuclear contents of 
negative electrons, whilst argon- tellurium, barium, and selenium 
have high contents. Most of these clemenis lie near the positions 
of atomic weight reversal in the periodic system. There are 92 
elements in the limited sense of the term, but about 300 different 
species of atoms. The term element is now used to denote all 
atoms in the nuclei of which (!' — .11 lias I he same value. All 
elements from Ge (atomic number, 32) to Au (97) are mixtures 
of isotopes. 

The atomic weights of the light elements are mostly whole 
numbers on the oxygen basis, and in the case of even atomic 
weights are divisible by 4, which indicates that, isotopes do not 
occur in these elements to a large extent ; exceptions are to be 
found in neon, chlorine, magnesium, silicon, and probably 
aluminium. In other cases, from atomic number 28 to 80, the 
whole number atomic weights correspond with the law of chance. 
The atomic weights of lithium and boron indicate the existence 
of lighter isotopes, and the hypothesis indicates that the ratio 
XjF should be 0'5, sc the atomic weight of the lighter lithium, 
which is probably present to the extent of 6 % in lithium, is 0 , 
whilst that of boron is 10; an isotope of iron, 52, calcium, 41, and 
several of nickel, 56, GO. and 08 , are all indicated. Atoms of zero 
atomic number may exist with masses 4. 3, 2, ami 1. and possibly 
other values. These would contain no non-nuclear electrons, and 
would have no chemical and almost none of i he ordinary physical 
properties, apart from mass. 

The whole number relationship of the atomic weights when 
0 = 16 may be stated in the form that, in all known complex 
nuclei the positive electron has the weight TOOOiO'OOl, whilst the 
free positive electron has the mass 1 007. This might be stated 
more accurately by giving the weight of the average electron pair, 
as TOOO + O'OOl in any complex atom, but as 1-0077 in hydrogen 
itself, where the positive electron is free and not bound. The 
constancy in the packing effect may be. .a characteristic of the 
positive and negative electrons themselves. J. F. S. 

The Possible Existence of Binding Rings in Diamond. 

N. Ii. Kolkmeijer ( Proe . K. Alrnl. Weteinch. 4 nntn-dam, 1920, 
23, 120- 128). — A mathematical paper. The author agrees with 
Debije and Scherrer (A., 1919. ii, 20) in rejecting <he binding 
rings of two electrons between the carbon ions in the diamond as 
a satisfactory explanation ol the forces of valency. J. B. P. 

Considerations on Certain Numerical Relations Pre- 
sented by Atomic Weights. Edmond Jahdkikb [Mon. Set., 
1920, [vi], 10, 1S9 — 172. 194 -198). The alkali metals have 
atomic weights given by the formula wt7 suit (n = 0 for Li); 
those of the alkaline "earths have atomic weights given by 
/9 - /ulo -p nl 6 . Thallium is considered an alkali metal, and 
bismuth a metal of the alkaline earths- The metais of fhe third 
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group have atomic weights of the form 11 + ml 6 + **17, with |L 
exception of gallium. Lead also follows this formula, and is ^ 
sidered as belonging to a branch group. Similar relations ^ 
deduced for other elements, and structural formulae for atoms ar e 
given. J. R. p 

Binuclear Theory of Atoms and the Periodic System 
0. Hinsberg (•/. pr. Chem ., 1920, [ii], 101, 97 — 111). — A further 
extension of the author's theories (compare A., 1916, i, 725; I9i; 
ii, 173. 461 ; 1918, ii, 106; 1919, ii, 505). Tt is assumed that there 
are three different arrangements of electrons within the atom, 
(i) nuclear electrons, which, as deduced by Fajans and Soddy f roffi 
the occurrence of isotopic elements, have no direct influence on 
the chemical and physical properties of elements (with the excep 
lion of radioactive properties), but only an indirect effect in so far 
as they neutralise the positive charges of a nucleus, and so influent 
the number of free positive charges on the atom ; (ii) valemv 
electrons, which cause the formation of molecules by a processor 
neutralisation with the nuclei of other atoms; when situated ai 
the exterior of the atoms, they are causative of the optical and 
chemical properties of the latter; (iii) ring electrons, which are 
placed between two nuclei, and, according to the simplest assump- 
tion, vibrate in a plane perpendicular to the axis of the two nuclei. 
A distinction is drawn between reversible ring electrons (which 
may pass into valency electrons by partial or complete obliteration 
of the internal ring, whereby they proceed to the neighbourhood 
of the nucleus) and irreversible ring electrons (in which this 
process is impossible). They play no part in the valency question. 
The inactivation of a valency electron is caused by its transition 
to an irreversible ring position. They are only of secondary 
importance for the physical, and particularly for the chemical, 
properties of the atoms. The author illustrates his arguments 
by a number of examples chosen from the group of the rare earth 
and from the formation of simple chemical compounds. He i? 
thus led to the conception of intra-atomic union. The formation 
of molecules is a continuation of the formation of atoms; in other 
words, the production of molecules is clue to the neutralisation oi 
nuclei which have been unable to complete this process within the 
atom. This is impossible in those cases, instaneed by the ran 
gases, in which intra-atomic neutralisation is quantitative. Ih 
molecules are atoms of a higher order. 

The investigation includes the consideration of. the chemical 
properties as well es the atomic volume and boiling poiut of the 
elements. II is less exact and certain than the methods of atomic 
physics, but provides material for this branch of the work, whieii 
is the more valuable since considerable difficulties are encountered 
in the mathematical treatment of the electronic theory of atoim 
based solely ori physical data. In this connexion, .a protest r 
made against the recent dictum of Slock, that the investigation 
of atomic structure is the province of the physicist alone. 
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A New Periodic Relation between the Atomic Weights 
of the Chemical Elements. III. Resonance Theory of 
Chemical Compounds. IV. The Connexion between 
Basts and Magnetic Susceptibility of Atoms. Karl Fkiirlb 

Ill’ll ysikal. Zeilgch., 1920, 21, 552 —555; see this vol., ii, 303). — 
1. The frequencies of the inactive gases calculated by the author's 
formula are in the ratios of simple fractions. The resonance can- 
not be improved by combination with other atoms, which explains 
the inactive character of the elements. Relations between the 
frequencies of atoms and molecules are discussed. 2. The form 
of the curve of atomic diamagnetic susceptibility is that of the 
differences between the experimental and ideal atomic weights 
("rests )■ A theory of the magnetic properties on the basis of 
the resonance theory is given. • J. R. p. 

Which Elements Form Volatile Hydrides ? Fritz Pahsth 
( 'Ber ., 1920, 53, [fl], 1710 — 1717). — The place in the periodic 
system of those elements which are known to form volatile hydrides 
is discussed. The discovery of volatile hydrides of tin, lead, bis- 
muth, and polonium (this vol., ii, 41, 758) makes it possible to 
draw a sharp line between those elements which do, and those which 
do not, form volatile hydrides. When Staigmiiller s form of the 
periodic table is considered (A.. 1902, ii, 129), in which the 
elements are divided into eighteen groups (the number of elements 
in a complete long period), it is seen that all tile elements in the 
last four groups, including the above four elements, form volatile 
hydrides. Only one element not appearing in this portion of the 
table, boron, is known to form a volatile hydride. In other words, 
i lie four elements immediately preceding each noble gas, and 
boron, are the only ones which form volatile hydrides. The strange 
association of silicon, tin, and lead in the table is justified by the 
fact that they all form volatile hydrides, apart from their metallic 
or noil-metallic character. The bearing of Kossel’s views (this 
vol., ii, 681) on the volatility of llie hydrides, considered from the 
space-lattice point of view, is discussed. E. H. R. 


Subsidiary Valencies and Molecular Compounds. 

Edmund Neussek ( Zeitsch . phyxikal. (‘hem., 1920, 95, 439 — 140). 
— A theoretical paper in which i! is shown that the hypothesis 
as to the nature of subsidiary valencies and the formation of 
molecular compounds put forward by llochcder (th.s vol.. ii, 612), 
leads to consequences which are not in accord with known facts. 
Thus, according to the hypothesis, three isomerides should be 
formed when ethyl chloride is added to trimethylamine. These 
compounds would be formulated respectively: 


CH 3 C 2 H s 
I 3 I 2 5 
N Cl 

/\ 

ch 3 ch 3 

vol. cxvm. ii. 


C„H. OIL 
I I 
N Cl 

/\ 

CH, CH, 


N Cl 

/\ \ 

CH 3 ch 3 ch, 
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The sulphate- and oxalato-pentammine cobaltie salts, which m 
known not to be ionised in solution, must, according to Hocheder'g 
hypothesis, lie dissociated to 50% with respect to the sulphate or 
oxalate group. Other difficulties are quoted in connexion wi;h 
hexammine platinum chloride aud copper thiocarbamide chloride. 


Isomerism, Tautomerism, and Pseudomerism 0 i 
Organic Compounds and their Relations. Ixoo W, p 
Hackh ( Chem . Ken it, 1920, 121, 85— 87).— Isomerism, tauto- 
merism, metamerism, desmotropism, and pseudomerism are caused 
by six factors: J, the number of atoms in the molecule; K, the 
kind of atom; P, the position or arrangement of the atoms; T, the 
chemical type oi (.he compound ; )', the valency of the principal 
atom; L, the linking between the atoms. The following table 
gives a classification of the various types o£ isomerism on this 
basis : 

Orgauic molecules or radicles show : 


K. N. 

Xsology when d s 

Homology when s d 

Polymeriym when s d 

Structure isomerism when a s 
cw-ifoiw-Isomerism when. a a 
Stereoisomerism when ... a 

Metamerism when 5 s 

Desmotropism when a a 

Tautomcnsm when a 5 

Pseudomerism when a s 

where $=same, different, 
Special symbols are given 


P. T. V. L. 

— — - _ — (structure the saiuo) 

— — — — (percentage thesani) 

d — -• — (two-dimensional) 

d - - — — (three-dim., inactive) 

d — — — (three-dim., active) 

(I d s s 

a d s d 

d d s d 

and — = same or different, 
to express these relationships. 

J. E. 1\ 


Method of Measuring the Rate of Flow of Gases. Jostra 
Erlich (Jim. Chim. anal., 1920, [ii], 2, 289- -297).' The appa- 
ratus described is of the type in which the upper ends o! i 
U-shaped manometer are connected by a capillary. The gas to 
be measured enters by a side-tube on one limb of the manometer, 
passes through the capillary, aud escapes through a side-tube « 
the other limb, the pressure caused by the passage of the gas 
f through the capillary being registered by the change m te\c “ 
the liquid in the manometer. " • • ’ ' 



INORGANIC CHEMISTRY. 


ii. 751 


Inorganic Chemistry. 


Laboratory Apparatus for Preparing Electrolytic 
Hydrogen. William George Palmer (,/. Soc. Churn, hul, 1920 
39, 31St). A simple electrolytic cell of which the essential feature 
is an inverted, unglazed earthenware pot, which is covered with 
a parchment paper to act as a diaphragm, is described. The elec- 
trodes are of sheet nickel and the clectrolyto is a 5 — 10% solution 
ui potassium hydroxide. ' G 

The Crystal Lattice of the Hydrogen Haloids. A. Reis 
itsi'h. plv/sik., 19z0, 1, 299 308). — For the hydrogen haloids, 
the relation between ionisation energy and molecular volume does 
not follow the scheme given by Horn for the alkali haloids 
(A., 1919, ii, 914). ^ This relation for the hydrogen haloids is 
not reconcilable with the assumption of atomic ion lattices, 
but leads to the assumption of molecular lattices. Further’ 
l he inner connexion between the high ionisation energies and the 
low heats of sublimation of the hydrogen haloids can also only bo 
explained on the assumption of molecular laUices. The lattice 
structure of the solid hydrogen haloids indicates a very marked 
lmsymmetrical structure of the halogen ions in (he molecule of the 
hydrogen haloids. Chemical Abstracts. 

Action ol very Concentrated Solutions of Iodic Acid on 
Ammonia Gas. G. Denises and J. Barlot (Bull. Soc. chim. 
1920, [iv], 27, 824 — 825) . — It has been shown that, with solu- 
tions cf iodic acid not exceeding 10% in strength, ammonia gives 
quadratic crystals of ammonium iedate (this vol., ii, 555). If a 
drop of a 50% solution of iodic acid is exposed to an atmosphere 
containing a trace of ammonia gas, it becomes covered with a thin 
white film, and if this is then well mixed with (he iodic acid, 
rhombic crystals of ammonium Ivi-iodate car. be observed under 
the microscope. Tf a drop of 50% iedic acid and a drop of strong 
ammonium hydroxide are placed a few millimetres apart on a 
microscope slide, the successive formation of the neutral iodate, 
the di-iodate, and the tri-iodate may be observed. W, G. 

A New Form of Ozoniser for Laboratory Work. 

Y. V. Ramaiah and M. V. N. Swamy (Chan. News, 1920, 121, 
193). — The ordinary ozone tube is modified by using rarefied gas 
as a conductor of electricity. The tube through which the air or 
oxygen passes is enclosed in a glass jacket, in which the air is 
rarefied by a filter pump, and a second scaled tube, also connected 
with a filter pump, passes axially through (he oxygen tube. The 
electrodes ale small platinum disks attached to wires for the 
current. In a second form, the outer jacket is of aluminium. 
A yield of 40 — 50 mg. of ozone per litre with the first tube, and 

27 o 
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50—60 mg. per litre with the second form, was obtained, usin. 
dry oxygen. 'f ■ S. 11 

Distillation of a Ternary Mixture, One Constituent of 
which is not Volatile. Paul Pascal (Bull. Soc. chirn 1920 , 
liv], 27, 814— 820).— A mathematical discussion of work already 
published (A., 1917, ii, 569). The results are applied to ^ 
concentration, by distillation, of nitric acids of different strengih. 

W. G. 

Hypophosphorous Acid, II. Its Reaction with Iodine. 

Alec Dux can Mitchell (T., 1920, 117, 1322 — 1335). 

The Crystalline Nature of Graphite and Temper Carbon 
obtained from Cast Iron. Kei Ioxibe ( Sci . Rep. Tfihoku Imp. 
Ur, IV., 1920, 9, 275— 279).— Graphite electrolytically separated 
from gray pig iron and temper carbon isolated from an annealed 
white cast iron were compressed into cylindrical rods and the 
diffraction figures produced uy X-rays photographed. 

Comparison with the diffraction rings of natural graphite treated 
iu the same way showed that the photographs are identical, Hence 
it is concluded that temper carbon is not an amorphous substance, 
but differs only in fineness from natural graphite, bugar carbon has 
no crystalline structure, but is au amorphous substance, Ad 
attempt to collect temper carbon from quenched carbon steels failed, 
as its fineness prevented separation by filtration, but since tie 
condition of the decomposition of cementite is the same as in cast 
iron, the temper carbon in these steels will also be graphite. 

T. H, B, 


Poisonous Gases from Carbon Tetrachloride Fire 
Extinguishers. A. 0. Fieldner, S. 11. Katz, S.P. Kisra, and 
E. S. Longfellow (/. t'ranldin Inst., 1920, 190, 543—565). 
When liquid carbon tetrachloride is poured on to a fire or on to 
hot metal, or when the vapour is passed, together with air, through 
a heated iron or quarts tube, it is largely decomposed, with the 
formation of carbonyl chloride, free chlorine, and hydrogen 
chloride At 600° the vapour decomposed much more readily m 
contact with iron or iron oxide than when in contact with a sob- 
stance, such as quartz, chemically inert to it. Moisture promo 
the formation of carbonyl chloride. At 600° none was formed » 
dry air in contact with quartz, but in contact with iron cme >r 
with oxide 8-3% of t' e chlorine of the carbon tetrachloride 
converted into carbonyl chloride. The effect of iron oxide mp™ 
moting the decomposition was greater than that of water P 
In the experiments in the quartz tube at a0 ®, a g ^ a ^ 0O whether 
the products of decomposition was formed than at bOU , 

moisture was present or not. At 800° carbonyl c or J. ®\ c( | , 

duced, even iu dry air, in accordance with the equation ~ 

0» = 2COC1j+ 2C1 2 . The presence of turpentine vapou . , ,, i(in „ 
mixture of carbon tetrachloride vapour and air ha an : 
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eject on the formation of free chlorine, but little, if any, influence 
on the production of carbonyl chloride. In analysing the gaseous 
products, chlorine was estimated by passing the gas through potass- 
ium iodide solution, and titrating the liberated iodine; whilst 
hydrogen chloride was estimated by aspirating the gas through 
alcoholic alkali hydroxide solution and titrating the total chloride 
formed, and deducting the amounts due to the chlorine and car- 
bonyl chloride. For the estimation of the carbonyl chloride the 
gas was passed through silver nitrate on granular pumice to 
remove hydrogen chloride; then through antimony trisulphide on 
glass wool to remove chlorine; and finally through a solution of 
sodium hydroxide in 85% alcohol, and the sodium chloride esti- 
mated volumetrically. [See J. Soc. Chem. Iml, 1920. 800a.] 

C. A. M. 

The Preparation and Physical Properties of Carbonyl 
Chloride. Ralph Hall Atkinson, Charles Thomas Heycocx, 
and Sib William .Tackson Pope (T.. 1920, 117, 1410—1426). 

The Preparation of Thiocarbonyl Chloride from Thio- 
carbonyl Tetrachloride. Percy Faraday Frankland, Frederick 
Horace Garner, and Dorotiiy Webster (J.Soc. Chem. hid., 1920, 
39, 313 — 315t). — For the preparation of tliiocarhonyl chloride by 
reduction of thiocarbonyl tetrachloride, tin and hydrochloric acid 
as reducing agent gave (lie best, results, the yield "of thiocarbonyl 
chloride usually being 55—60%, whilst from 20—35% of the thio- 
carbonyl tetrachloride was recovered. The best and most econo- 
mical proportions of tin and acid to use are: 550 grams of thio- 
carbonyl tetrachloride, 175 grams of tin, and 500 c.c. of a mixture 
of equal volumes' of commercial hydrochloric acid and water, the 
tetrachloride being added as rapidly as is consistent with efficient 
condensation of the distillate. " W. G. 

Preparation of Purs Carbon Dioxide. Robert Crosiue 
Farmer (T., 1920, 117, 1446—1447). 

Dilatation and Compressibility of Liquid Carbon 
Dioxide. C. F. Jenkin (Proc.. P,oy. Soc., 1920, [A], 98, 
170—182). — The compressibility of liquid carbon dioxide was 
measured from —37° to -t- H0° up to pressures of 100 kilos, per sq. 
cm. The specific volumes, coefficients of expausion, and coefficients 
of compressibility are given in tables and curves. J. R. P. 

A New Form of Silicic Acid. Robert Schwarz and Otto 
Liede (Ber., 1920, 53, [fl], 1680— 1689).— By leading silicon 
llnoride into boiling Avater a form of silicic acid is precipitated, 
having properties which distinguish it from the product obtained 
by carryng out the reaction in the cold, or by the hydrolysis of 
silicon chloride by cold or hot water. The normal product is 
called a-silicie acid and the new form B-silicic acid. The B-acid, like 
the a-acid, when first, precipitated contains about 95% of water, and 
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when dried over sulphuric acid about 10%. The (3-acid dissolve 
much more slowly in hydrofluoric acid, in sodium hydroxide, w 
ammonia solution than the a-acid, and is scarcely coloured h t 
methylene-blue, for which the a-acid has strong absorptive 
properties. 

The conductivity of ammonia solutions of the (l-acid was studied, 
and compared with that of solutions of the a-acid. Express!^ 
the quotient of the increase of conductivity occasioned by the dis- 
solved silicic acid, A x , and the concentration, m, by <2, it is found 
that, under different conditions, the value of Q x 10* for the (5-ad,] 
may be 15 or 25, whilst for the a-acid it is 50 or 75. For freshly 
prepared, hydrated (3-acid <2 = 25, and for the aged or dehydrated 
(3-acid, <2 = 15. In the ( 3 -acid the primary particles are prohibit 
larger than in the a-aeid, and the former acid in ammonia probably 
forms' a more highly polymerised polysilicate. E. H. K. 


The Effect of Various Ionogens on the Time Period 
Required for the Gelation of Colloidal Silicic Acid. Lons 

F. Werner (J. Amrr. Pharm. Axxnc., 1930. 9, 501 — 508).— -Acids 
have a very powerful peptising effect, on sol colloidal silicic aril. 
In the case of the strong acids this effect is most marked at mediw 
concentrations. Alkalis' also have a strong peptising influence; ih- 
effect is greatest at. medium to low concentrations for the highly 
ionised bases, and in (he case of (lie slightly ionised bases the efe 
is great in all but ihc lowest concentrations tried. Sails have an 
effect in presence of acids, but in presence of bases the. congeal™, 
effect is hastened. The potassium sails of several negative radicte 
decreased the time required for gelation. The chlorides of varies; 
metals, with the except ion of ferric and cupric chlorides, decreasri 
the time of gelation. Pisodium and monosodium phosphates have 
stron<r congealing powers, but trisodinm phosphate has the opposite 
effect. 0 Pi- and tri-sodium citrates accelerate the setting greatly 
the effect decreasing with the concentration, but in the case of tit 
monosodium salt, the time for setting is the same for all concen- 
trations. The acetates of the various metals have the great*! 
congealing effect (excepting mercury). Inorganic salts proto 
but little effect. The alkali salts of the organic acids prota 
powerful accelerating effects, except the carbonates and hyooyft 
carbonates, which have a peptising effect in medium to <W»« 
solutions. Chemical Abstracts. 


Constitution of .he Silicates. Johann Jakob ( Htlv . C"M, 
Ada, 1920, 3 , 669 — 704). — The author discusses the general pi ■ 
ciples underlying the structure of the silicates and develops sys e ^ 
atically the formal® of silicates of the most varied type, ■> “v 
with the simplest and proceeding to those of gradually m v 
complexity. The nomenclature of the different compo 
likewise considered. mw; 

The classes into which the silicates are divided are a 
I. Silicates with simple silicic acid ions ; (1) Hexaoxy-sihca , 



INORGANIC CHEMISTRY . 


ii. 755 


as asperoEth, [ S '°s]m"(Fi-) 'Eimortierite, |SiO,],Al g . 

(2) Pentaoxy-silicates, such as andalusite, [SiOJAh, titanite, 


| SiO.jTi ' (®) Tetraoxy-silicates (“ orthosilicates ”), such as 

dioptosr, ^Si0 4 jg ■ II- Silicates with complex silicic acid ions: 
(1) Monosilicohexaoxysilicates, such as serpentine, 

[Si0 2 SrOj | . 

(3) Disilicohexaoxysilicates, such as meerschaum, 

[siOj Sl0 «]Hf + ;rH » a 

(3) Trisilicohexaoxysilicates, such as the pyroxenes and many of 

their products of hydrolysis, for instance, talc, | "|^ gs . 

(4) More highly silicated hexaoxysilicates, as yet, unknown, 3 III. 
(hiicato-salfs: (1) Tetraoxysilicato-salts, such as uepheline, 

[ A '(° Si o), |n1 ! 3 - 

(3) Penlaoxysilicato- salts, of which sillimanite, [Al(SiO,)JAl„ 
possibly represents the type. (3) Ilexaoxysilieato-salls, for ex- 
ample, dnmortierite, [SiO B |,Al s . (4) Trisilicntetraiixysilicalo-salts 
of the type [Al(Si0 4 Si0 2 ) s ]R 5 , such as leucite, 

| a, (Si0 4 SiOJ, | K 3 (ISra) ' 

(5) Ilexasilicotetraoxysilicalo-salts, such as orthoclase, 


|^A](8i0 4 Xi0 2 


Xitx), £ 


(6) Trisilicopentaoxysilicato-salts, to which rasonile, 

r Pb 5 

! Pb(8iO s SiO.,) 3 Ca 3 , 

| Cad., 

~Pb 5 

ami ganomalitc, Pb(SiO- Si(>,) 3 0a 3 , probably belong. (7)Hexa- 

| " JCa(OH), 

silicopentaoxysilicato-salts, such as pollux, 

f Ah, 

i Al(SiO s SiO, SiO^j C's 4 . 

'll, 


(S) Trisilieohexaoxysilicato-salts, such as olivine, 

... . . .[%(SiOc Si0 2 )3](Mg,Fe) n . 

(9) More highly silicated silicato- salts, [Al(SiO, ; Si0 2 SiCb^pR^n as 
yet unknown. IV. Co-ordination compounds of the highest order, 
in which, not an atom, but an atomic grouping, appears as co- 
ordination centre; to this class belongs tourmaline (Reiner, A., 
1913, ii, 718; Wiillliig and Becht, A., 1914, ii, 63). 
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Many types of these silicate compounds are able to crystal!^ 
both with and without water of crystallisation; this deposition c | 
water molecules is fundamentally a partial regeneration of compos 
hydrate ions, such regeneration rendering possible subsequent 
dissociation or hydrolysis. T. H. P, 


Application ol a New Physico-chemical Volumetric 
Method. Rene Durrisat (Compt. rend., 1920, 171, 670— ffjjj 
— Applying the method previously described (A., 1919, i, 73 ; ii, 7 gj 
to the study of the neutralisation of sulphuric aeid, the author finds 
a point of inflexion on the curve corresponding with the formation 
of sodium hydrogen sulphate and another at the point where (lie 
normal salt is obtained. 

With solutions of sodium sulphate and sulphuric acid the differ- 
ence between the observed and calculated temperatures reaches a 
maximum when the solutions are mixed in equimolecular propor- 
tions. The same holds good for solutions of sodium sulphate and 
hydrochloric acid. W. G. 


Crystal Structure of Sodium Nitrate. Ralph Vi. G 

Wyckoff (Physical Rev., 1920, 16, 149— 157),— Laue photographs 
were taken through crystals of sodium nit, rate normal and slightlv 
inclined to the (111) and (100) face. It is found, using a method 
of interpretation similar to that of Nishikawa, that the crystal oat 
be referred to a set of interpenetrating rhombohedral lattices with 
axes which are the diagonals of the plane formed by taking the 
usual crystallographic axes as edges. The lattice arrangement thus 
found is that anticipated by Bragg on the basis of partial measure- 
merits, and is essentially the same as that of calcium carbonate 
that is, may be regarded as similar to that of sodium chloride with 
NO. groups replacing the chlorine atoms. The co-ordinates of the 
atoms, assuming the length of the sides of the unit rhombohedral 
to be 1, are sodium at (0, 0, 0), and (j, i, i) ; nitrogen at (), (■ ; 
and (|, f, |); oxygen at (0, 1—6, 0); (0, 0, 1—6); (1—6, 0, 06 

(4-6, 6-4, i); (0-h b 1~6); ib wh ®I e i ls .„T 


nearly 


Chemical Abstracts. 


The Production of Ammonium Sulphate from Coke 
oven Gases by the Feld Process. F. Raschig (-2«™- 
angew. Chew.., 1920, 33, 260— 262).— By the Feld process (A , 191'-: 
ii, 448) both hydrogen sulphide and ammonia are recoverable from 
coke-oven gases with production of ammonium sulphate. The opera; 
(ions comprise treatment of the gases with aqueous solutions oi 
ammonium trithionate and tetrathionate, recovery of these from 
the thiosulphate formed by the action of sulphur dioxide, and 
decomposition on boiling into ammonium sulphate, suipuw 
dioxide, and sulphur, followed by oxidation of the ■ sulphur- 
regard to the reaction 4(NH,) 2 S 2 0 3 + 6SO s = 2(NH 4 )« j « 
2(NH 4 ). 2 S 4 Q 6 , examination of the behaviour of analogous sodi 
compounds shows that with dilute solutions, only sulp ■ 
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sulphate With traces of polythionates are formed. If the solution 
is very concentrated, the conversion into the polythionates proceeds 
rapidly. During an investigation of the polythionates it was dis- 
covered that by interaction with sodium sulphite, penta- and tetra- 

thionate are converted into trithionate and thiosulphate: Na*S-0.+ 
2 N T a ; S 0 3 =Na 2 S 3 0 6 + 2NajS.O, and Na,S 4 O c + Na,SO, = Na^slo! + 
Xa,S 2 O s ; treatment of the trithionate with sulphite fails to yield 
dithionate which is therefore not a true polythionate. The decom- 
position of acid solutions of thiosulphates into sulphurous acid and 
sulphur is not quantitative, and is accompanied by the formation of 
pentathionate owing to polymerisation of the thiosulphate This 
effect is increased by addition of a trace of an alkali arsenite as a 
catalyst. In practice, the treatment of the thiosulphate with 
sulphur dioxide may therefore be represented by the equations’ 

(1) 5Na 8 Sj0, + 3S0 ! -2NasS 6 0 (1 + 3Na,S0,. 

(2) 2Na,S 5 0 6 + 3Na„SO a = Na 2 S«O fi + Na,S 4 O c + 3Na.,R,0.,, 
and this gives the reaction stated by Feld: 

2Na»S 2 0 3 + 3SOo = Na.,S,O n + Na 2 S 4 0 6 . 

The reactions have been based on proportions of ammonia and 
hydrogen sulphide of 2:1. With excess of ammonia the recovery 
of the thionates is retarded, and more hydrogen sulphide must be 
ntroduced into the gases. A preponderance of hydrogen sulphide 
lecessitates partial oxidation to sulphur. , \y j 


The Melting and Boiling Points of Ammonium Sulphate. 

3. JXnecke ( Zeitsch . angew. Cheat., 1920. 33, 278— 280).— The 
equilibrium relations between sulphuric acid, ammonia, and acid 
and normal ammonium sulphates have been investigated, and the 
results obtained have been plotted on curves, At atmospheric pres- 
sure it is shown that the hydrogen sulphate, (NH 4 )IIS0 4 , has m. p. 
251° and b. p. 490°, and the normal sulphate, (NH 4 ) 2 S0 4 , has the 
same m. p, and b. p. 357°. The eutectic mixture has m. p. 195°. 
The author pleads for more investigations of the physical properties 
of the common chemicals in everyday use. A. J. H. 

Fusion of Zinc, Cadmium, and Mercury Sulphides. 

Erich Tiede and Arthur Schi.eede (Ber., 1920, 53, f/f], 
1717—1721).- These sulphides, which sublime without melting 
under atmospheric pressure, have been obtained in the molten coil 
dition by heating in a carbon-tube pressure furnace in an atmo- 
sphere of nitrogen. Zinc sulphide melted under 100 — 105 atm. at 
IbOO — 1900°. The solidified fused sulphide had a lustrous appear- 
ance and a bright greenish-yellow colour- it proved to be the 
hexagonal modification. Cadmium sulphide was fused at 100 atm. 
at about 1750°; the fused solid had a dark brownish-yellow colour 
and lustrous appearance. Mercuric sulphide was fused at 120 atm. 
and 1450°. The fused solid had a steel-grey, matt appearance, and, 
when rubbed, quickly became red, E. H. R. 


Thermochemical Analyses of Solutions. E. Chauvenet, 
p. Job, and G. Urbain (Convpt. rend., 1920, 171, 855— 857).— The 

27 * 
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method used is similar to that described by Dubrisay (this v „i 
ii, 508), ami by its use the existence of the double salts 2KI.CdT 
2CuCl„3MgCl 2 ; 3CuCl,,2MgCL ; 2CuCl 2 ,3CaCl, ; CuCl,X's(f: 
CuQ 2 ,2A1C‘I 3 and 2 CuCL,A 1C1 3 is shown. TV. o." 

Lead Hydride, Fritz Pankth and Otto Nokhinc ( Bcr ,, ijjj 
•53, [71], 1693 — 1710). — The methods previously employed f or (tl 
detection of the hydrides of bismuth (A., 1919, ii, 67, 68) and tin 
(this vol., ii, 41) have been applied in the study of the possibilii, 
of the existence of a hydride of lead. Magnesium powder was 
vated with thorium-5 and thorium-t? in a desiccator for ha]f. sl . 
hour aud was then dissolved in 01 or 0'2A-hydrochlorie acid, t!* 
resulting gases being carried in a stream of hydrogen through a 
cotton-wool filter to a heated Marsh tube. The radioactivity of tti 
metallic deposit, consisting chiefly of thorium-0 (bismuth), was then 
examined. For the first few hours its behaviour was indistinguish- 
able from that of thorium-O, but after twenty-four hours, by which 
time the thorinm-C should have disappeared, a notable activitt 
remained, the rate of disappearance of which corresponded with 
that of thorium-5 (lead). The "yield" of lead obtained, however, 
was only about one hundredth that, of the bismuth. The Ini 
hydride appeared to be stopped or decomposed more readily by j 
thick cotton-wool filter than bismuth hydride. 

Attempts to prepare the hydride by the action of acids on ordin- 
ary lead-magnesium alloys were unsuccessful, and so were numerous 
attempts by electric methods, for example, induction sparks or an ar; 
in an atmosphere of hydrogen. Success was eventually attains! 
by a combined electrolysis- -park process in a specially desigwl 
apparatus. Using dilute sulphuric acid as electrolyte and a leal- 
glycerol cement cathode, with an 5..17.F, of 220 volts, the appara- 
tus was so arranged that intermittent, sparking at high frequent; 
occurred between the cathode and the electrolyte. The cathode 
gases were passed to a condensing tube immersed in liquid air 
where any lead dust was deposited, whilst the hydride was liquefied 
On allowing the temperature to rise, the hydride was again vapour 
ised and passed through a cotton-wool filter to a heated Marsh (nk 
where it was decomposed and lead deposited. The deposit had a 
dull grey colour, and was close to the flame, but not so close as a 
tin deposit. The lead was identified by a number of chemical teas 
which distinguished it from arsenic, antimony, tin, tellurium, oi 
bismuth. A number of modifications of the experiment indicated 
that the hydrogen required for the formation of the hydride is not 
derived from the electrolysis of the electrolyte, but probably 
through the action of the. spark, positive hydrogen ions combmin? 
directly with negative lead ions. So-called active hydrogen may 
play a part in the reaction. £. H- “• 

Combinations of Haloid Derivatives of Lead and 

Thallium. Bakcot (Comp, rend., 1920, 171, 794— < 9k- 
Conductivity measurements show the existence of double chloride., 
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b, nuiiites Mid whiles of lead and thallium having the general 
formula TlX,TbX 2 and the author has obtained all of these in a 
crystalline form rhere are indications of the existence of a second 
double chloride, 211Cl,PbCL, but this could not be isolated. W. G. 


Thermal Analysis of the System Thallium Nitrate : 
Thallium Nitrite. Vittorio Cottica (Alt, B. Accad. Lined 
1920, M, 29, ii, 89—92. Compare Eolla and Belladen, this vol ' 
ii, 34).— the thermal behaviour of fused mixtures of thallium 
nitrate and nitrite excludes the formation of complexes The two 
salts form an uninterrupted series of mixed crystals, the transforma- 
tion m the solid state corresponding with Roozeboom’s type II. 

T H P 


Siudy of the Transformation Points by a Dilatometric 
Method. Paul Braesco (Aim. Physique, 1920, [ix], 14, 5—75). 
--The first pait of the paper is a detailed account of work already 
published (A., 1919, ii, 153). The method has been applied to 
the study of alloys and by means of it the author has proved 
the existence of the definite copper-antimony compound Cu 3 Sb. 
With copper-aluminium alloys, I he phenomena of tempering are 
particularly well shown by this method. In the case of tlio 
bronzes, file allotropic transformation of the compound Cu,Sii 
was observed and also the transformation p — >a + 5. W. G. 


Determination of the Atomic Weight of Thulium. 

C, James and 0. J. Stewart (./. Amer. Vhem. Hoc., 1920, 42. 
2022—2023). -The atomic weight of thulium has been determined' 
from the ratio TmCT 3 : 3Ag from three specimens of thulium obtained 
as described previously (A., lull, ii, SOI). The experimental 
piocedure was identical with that followed in the determination 
of the atomic weight of samarium (A., 1913, ii, 44). The purest 
fraction gave a value 169 4.1 for the atomic weight as a mean 
of three determinations, whilst the other two fractions, which 
contained lieuytterbium, gave 169-66 and 169 30 respectively. 

J. F. S. 

| Sodium Aluminates. Equilibria in the System 

;Na_0-A1.0,-H O. F. Gocdriaan (Proc. K . Akad. (Veteiisch 
:.t mterdam, 1920, 23, 129 -142). — At 30°, two stable aluminates 
occur in the system Na„0-Al.,0 3 -ir„0, namely, 

4Na 2 0,3Al. 2 0 s "l6II,6 and' 4Na ; O,Al,O s ,10H 2 O. 

Both form incongruently saturated solutions, that is, are decom- 
posed by water and dilute sodium hydroxide solution. According 
to the mode of preparation, aluminium hydroxide may be obtained 
m different forms. Under special conditions, alumina forms a 
crystalline hydrate, AL0 3 ,3H 2 0. The gelatinous hydroxide must 
e considered as a metastable phase of variable composition. It 
adsorbs variable quantities of* alkali. There is very probably a 
continuous transition between these gelatinous hydroxides and the 
.rystalline hydrate. Aluminium oxide is metastable at 30° in 

27 *' — 2 
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respect of the hydrate. The swelling exhibited by the desiccated 
particles of hydroxide and oxide is dependent on the alkalinity 
of the solution. J. R. p ‘ 

The Equilibrium -diagram of Carbon-Manganese Alloys 

K. Kido ( Sci . Rep. Tohoku. Imp. Univ ., 1920, 9, [iv], 305 — -3l0j' 
— The object of this investigation was to establish the equilibrium 
diagram of manganese and carbon with a high degree of certaintv 
A series of alloys was prepared by diluting with manganese tie 
carbide Mn 3 C, made in an electric furnace. In the liquid state 
the carbide and manganese are soluble in all proportions but 
only partly in the solid slate. The saturation points of carbide 
in manganese and manganese in carbide were determined. As 
the temperature falls, the solubility of both decreases, and they 
form a eutectoid having a composition of about 3-7% C. Specimens 
quenched at different temperatures and subjected to micro- 
examination showed that the eutectoid temperature is a little 
above 900°, and the transformation takes place at a somewhat 
lower temperature during cooling than on heating. Thermal 
analysis confirmed this, showing an absorption of heat, above 900“ 
during heating and an evolution of heat at about 830° on cooling 

T. H. B. 

The Point Ar 3 of Steels, and Martensite. P, Dkjkan- 
( Compt . rend., 1920, 171, 791 — 794). — A review of his previous 
work (compare A., 1917, ii, 477) in the light of recent work bv 
Guillet {Rev. gen. Sci., 1920, 31, 496). W. G. ' 

Metal Tubes which are Stable towards Water Vapour 
at Temperatures above 1000°. Paul Askenasy (Zeiluch 
Elektrochem., 1920, 26, 436). — Tubes made from silicised iron 
sheet are very little attackod by air, or mixtures of steam and 
oxygen at temperatures of 1100°. The metal is brittle, but by 
careful heating may be raised to a red heat and can then be bent 
into a tube which can be welded by the autogenous method. Such 
tubes, when surrounded by cast iron, serve well as superheaters 
for steam. Chromium nickel tubes are equally resistant to steam 
at high temperatures. J- P- & 

Hydrous Oxides. I. and II. Harry B. Weiser (J. Physical 

Ghem.y 1920, 42, 277—328, 505— 538).— 1. Hydrous Ferric 
Oxide.— A survey c. investigations on the composition of colloidal 
ferric oxide has been made. The existence of no definite basic 
ferric salt has been established with certainty, and only one definite 
crystalline hydrate has been prepared. The latter is formed on y 
under special conditions, namely, the decomposition of sod nun 
ferrite by water at the ordinary temperature. It is p«>ha * 
that the different ferric iron colloids are not composed of basic 
salts of varying composition or of hydrous hydrated oxides, m 
are hydrous ferric oxide. The difference in properties of co 01 d 
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hydrous ferric oxides prepared by different methods and of 
different ages is due to a difference in the degree of hydration 
and in the size of the colloidal particles. It is unnecessary to 
postulate the existence of basic chlorides or complex sails of vary- 
ing composition in order to account for the existence of only a 
part of the chlorine in the dialysed Graham colloid as the 
chloride ion. 

Certain electrolytes precipitate the Pean de St. Gilles colloid 
in a gelatinous form, whilst others precipitate it in a granular 
form. The nature of the precipitate depends on the conditions 
of precipitation; the same electrolyte may produce either a 
granular or gelatinous mass in suitable circumstances. The most 
gelatinous precipitate is obtained when there is very rapid aggro- 
gation of the hydrous particles throughout the entire solution 
and when the electrolyte present exerts no solvent action; the 
most granular precipitate results when the agglomeration proceeds 
slowly and when the electrolyte possesses a solvent action. 

The influence of the valencies of the ions of the precipitating 
electrolytes was investigated. 

Hydrochloric acid has two precipitating values for the Pean 
de St. Gilles colloid, one above the other with a zone of non-pre- 
cipitation between, in which the colloid is less stable than the 
original colloid. The degree of reversibility of the precipitation 
of hydrous ferric oxide is determined mostly by the specific 
adsorbabilily of the precipitating ion, although the physical 
character of the precipitate has an influence. 

It is not probable that the different colours of hydrous ferric 
oxide (reddish-brown, yellow, and red) arc due to complex salts 
or hydrous hydrated oxides, since it is possible to make a transi- 
tion from brown to yellow by increasing the size of the particles. 
This may be effected by heating water to which ferric chloride 
has been added. The yellow colloidal hydrous oxide is nol readily 
dehydrated at. 100° and probably contains adsorbed ferric salt. 

A yellow colloidal solution was prepared by the Pean de St. 
Gilles method by allowing the acetate solution to remain for a few 
days before diluting and boiling. The slow hydrolysis of the 
acetate favours the formation of yellow hydrous oxide stabilised 
by adsorbed ferric salt. When the solution is boiled, a stable 
yellow colloid is formed instead of the usual brick-red. 

II. Hydrous Aluminium Oxide. — Aluminium oxide forms only 
one definite hydrate, the trihydrate, precipitated from solutions 
of the oxide in alkali. The so-called hydrates formed by pre- 
cipitating with ammonia are hydrous oxides. Any number of 
hydrous oxides, similar to those of ferric oxide, may be prepared, 
differing in size of particles and amount of water. The larger and 
less hydrous the particles, the less soluble are they in acids and 
alkalis. There is no temperature of inversion from soluble oxide 
to insoluble meta-oxide. .The colloidal oxide prepared by pro- 
longed digestion of aluminium acetate at, high temperature is 
insoluble in acids and alkalis and has no mordanting action; the 
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colloid prepared by peptjsing gelatinous alumina with aluniii.ii;.. 
chloride and dialysing in the cold is soluble in acids and alkalis 
and possesses a mordanting action. Colloids with intermedia; « 
properties may be obtained. 

Colloidal alumina is a positive colloid and is stabilised }. iV 
preferential adsorption of cations. The relative peptising p 07i> '. 
at 100° was found to be in the order: nitric acid>hydrochlori c 
acid>ferric chloride>aluminium chloride>acetic acid. j, 
probably incorrect to assume the formation of aluminium ion as 
an intermediate step in the peptisation of aluminium oxide by 
acids and salts. The colloids formed by peptisation of gelatinous 
alumina are not composed of basic salts of varying composition, 
neither is there any necessity to assume the formation of a series 
of hypothetical complex salts to account for the properties of the 
colloid. 

The coagulation of colloidal aluminas by electrolytes was studied. 
Strong acids with univalent anions and their salts precipitate the 
colloid only at high concentrations and the reaction is reversible. 
Acids with multivalent anions and their salts precipitate the 
colloid at low concentrations and irreversibly. Rose's explanation 
of tbe cause of the reversibility of precipitation is shown to be 
untenable. Gelatinous alumina dissolves in sodium or potassium 
hydroxide with the production of an unstable aluminate, from 
which colloidal hydrated alumina separates in a granular, spar- 
ingly soluble, form. Observation of the effect of the nature oi 
iho coagulating agent on the physical character of the precipitated 
oxido confirmed the conclusions reached with ferric oxido. 

J. R. P. 

The Double Colloidal Sulphide of Iron and Sodium. 

S. M. Horsch (Bull. Sor. r.him., 1920, [iv], 27 , 777 — 779). — Whs 
hydrogen sulphide is passed over a molten mixture of sodium 
hydroxide and ferric oxide, a double sulphide, FeS,4Na 2 S, is 
obtained, which dissolves in water, giving a deep emerald-green 
solution. Its aqueous solution, after dialysis, in the, absence oi 
air, retains the two sulphides in the proportion given. A con- 
centrated solution on cooling gives a hydrogel, having the com- 
position Na 2 S,2Fe8, which dissolves in water, giving a black 
solution, and on adding ammonium chloride to this solution, ferrous 
sulphide is precipitated. If to this solution the requisite amount 
of sodium sulphide is added, it regains the original green colour. 

W. G. 

' The Stability of the Cobaltammines. Arthur K. Iamb 
and Alfred T. Larson (J. Amer. Ghem. Sor.., 1920, 42, 

2024 2046). — The six cobaltammines examined were aquopent- 

amminecobalt chloride, diaquofelrammineeobalt chloride, 

1 : 2-dinitrotetramminecobalt chloride, nitropentamminecobait 
chloride, hexamminecobalt chloride, and 1 : 6-dinil rcletraii nnin 0 . 
cobalt chloride. The oxidation potentials of aqueous solutions 
of these ammines in 3'265i¥-ammoniurn hydroxide solution were 
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measured, and from these results the concentrations of the simple 
cobaltic ions in these solutions were calculated, thus giving a 
measure of the relative stability of the ammines. They are arranged 
above in order of descending stability. 

The potentials of the cobalt-cobaltous electrode in cobaltic 
chloride solution and in ammoniacal cobaltic chloride solutions were 
measured, and from these results the formula of the amminocobalt- 
ous ion in the presence of excess of ammonia is shown to be 
(.^(XHsV* The equilibrium constant for its dissociation into 
ammonia and simple cobaltous ions lias been calculated. 

The^value for the cobaltous-cobaltic potential, as redetermined, is 
p77o volts at 0° with a temperature-coefficient of + 0‘00169 volt. 

W. G. 

Influence of Chromium Compounds on the Corrosion 
of Iron. George W. Heise and A.maxdo Clemente (Philippine 
J. Sci., 1920, 16, 439 — 446). — Fassivifyiug agents, such as potass- 
ium dichroniate, may increase the corrosion of iron in salt solutions, 
owing to formation of free acid, and the depolarising effect of the 
dichroniate : TLO + K 2 Cr 2 0 7 + 2K aCl lCCr0 4 + Na 2 Cr0 4 + 2HC1 , 

Experiments were carried out to determine the influence on corro- 
sion produced by increasing amounts of potassium dichroinate added 
to sulphuric acid of various strengths. With .V/2-sulphuric acid 
coirosion was accelerated proportionately to the amount, of di chrom- 
ate added up to a concentration of above 19 grams, at which stage 
(ho iron became passive; with further additions of dichroinate 
corrosion gradually diminished. With A -acid the passive condition 
was more indefinite, but was reached in individual cases with a 
concentration of DO grams per litre. Increase of corrosion up to 
tins point, and decrease beyond it, occurred as with Xj 2-acid. In 
the case of 2iV-acid no passive stale was reached even when a satur- 
ated solution of dichroinate was employed, and corrosion was 
accelerated by the addition of increasing amounts of the salt. 

The addition of a small amount of potassium dichroinate and 
potassium chromate to 10% sulphuric acid at first increased the 
corrosion of iron, but after reduction of the salt had taken place no 
further effect occurred with increased time of treatment.. Chromium 
sulphate or chloride is apparently without influence on the rate of 
corrosion, the results obtained by Watts (Trans. Amcr. Electrochem. 
See., 1912, 21, 337 — 353) not being confirmed. Differences in the 
iron used and in the acid concentration may account for this 
divergence. W. J. W. 

The Precipitation of Tin by Iron. I. M. Koi.thoff (Rec. 
frav. chim 1920, 39, 606— 608).— A reply to Bouman (this vol., 
ii, 547). W. G. 

The Solubility of Earth-acid Gels [Titanic, Tantalic, and 
Columbic Acids] in Hydrogen Peroxide-Acid Mixtures. 

Otto Hahn and Hans Gille (Zeitsch. anorg. Chern., 1920, 112, 
283 — 292).- — For the separation of titanic, tantalic, and columbic 



ii. 764 


ABSTRACTS OF CHEMICAL PAPERS. 


acids from most other elements, a method -was given by Weiss and 
Landecker (A., 1909, ii, 942) which consisted in dissolving the acids 
whether precipitated from acid or basic solutions, in hydrogen per 
oxide and reprecipitating by boiling the solution with sulphu roils 
acid. Experiments on the solubility of these acids in acid solutions 
of hydrogen peroxide have not confirmed Weiss and Landeckerh 
statements. The acids used for the experiments were prepared 
fusing the commercial material with sodium hydrogen sulpha*; 
extracting with boiling water, and hydrolysing the solutions la- 
boiling with sulphurous acid. Titanic and columbic acids areora.-t 
lically completely soluble in acid hydrogen peroxide, but tantalic 
acid when precipitated hot is almost insoluble, and when precipi- 
tated cold is only partly soluble. In mixtures, the different acids 
influence one another differently according to the conditions. Tan- 
talic acid lowers the solubility of columbic acid, whilst titanic acid 
may increase the solubility of tantalic acid or may itself be rendered 
less soluble. Experiments with the ultra-microscope indicate that, 
in acid hydrogen peroxide solutions, titanic acid forms a true 
solution, whilst columbic and tantalic acids form colloidal solutions. 

E, H. It. 

Colloidal Sulphur Compounds of Ruthenium. F. ![, 

Jaeger and ,T. H. de Boer (Proc. K. A had. WeUntch. Amtfrrilm, 
1920, 23, 95 — 102). — The product of the precipitation of a salt of 
quadrivalent ruthenium by ammonium sulphide differs with the 
temperature. At 100° brownish-black RuS, is formed, together 
with free sulphur, but at 0° greenish-black RuS 6 is formed, which 
has the character of an irreversible colloid and with excess of 
ammonium sulphide gives a green, unstable colloidal solution, At 
intermediate temperatures mixtures of both sulphides and free 
sulphur are formed. The dark green sulphide and the green col- 
loidal solution of TtuS c (containing positively charged part iciest 
rapidly absorb free oxygen, forming a reddish-violet solution of 
the reversible colloid ruthenium pvrosulphite, RuS 4 O 10 , the particles 
of which are positively charged. This salt is in turn converted br 
oxygen (air, nitric acid, permanganate) into ruthenium sulphate 
and free sulphuric acid. The properties and reactions of the 
pr oducts were investigated. J. R. P. 


Mineralogioal Chemistry. 


The Nomenclature and Classification of Sulphide 
Minerals. Edgar T. Wherry (/. Washington Acad. Set., 1920, 
10, 487 — 496). — A tabular classification is given on much the same 
lines as that of Dana’s “ System of Mineralogy ” (6th edit., 189'-): 
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but in greater detail. Several incompletely described minerals are 
jj s ted. In addition to selenides, tellurides, arsenides, antimonides, 
a ud bisniuthides, there are also included the few naturally occurring 
oxysulphides, nitrides, phosphides, carbides, and silicides. 

L. J. S. 

Composition of Minerals of the Hydrotalcite Group, 

yViLUAM F. Foshag ( Proc. . U.S. Nat. Mras., 1920, 58, 147—153).— 
Hydrotalcite from Ivongsbcrg, Norway, consisting of curved 
lamellar masses with white colour and pearly lustre, gave anal. I, 
agreeing wilh GMg0,Al.,0. 1 .C0„,12H„0 or 
0 MgC0 3 ,5Mg(0H).,,2Al(0H) 3 ,4H 2 0. 

This mineral is thus a basic carbonate rather than a hydrated oxide, 
as previously regarded. It glows intensely before a blowpipe, 
becoming silvery-white, but does not fuse. Stichtite (of W. F. 
Petterd, 1910 = Cbrom-brugnat«llite of L. Hezner, A., 1912, 
ii, 1061) from the original locality in Tasmania, gave II, agreeing 
with the analogous formula 6Mg0,R,0 3 ,C0 2 , 1211,0. Before the 
blowpipe it glows intensely, turns light grey, and becomes magnetic, 
but does not fuse. 


Si0 2 . Al s O s . 

CrA. 

l 1 

FeO. 

CaO. 

MgO. 

C0 2 . 

Hj,0. 

Total. 

T. 11-44 15-32 

— 

1-89 

0-28 

nil 

39-72 

7-60 

35- 4C 

1 00-71 

II. 2-09 2-24 

1408 

4-04 

0-28 

trace. 

36-59 

6-94 

33 01 

99-27 


Previous analyses of pyroaurile suggest that the formula for this 
should be 6Mg0,Fe,0,.,C0 3 ,12H 2 0. A new estimation of ferrous 
iron in pyroaurile from LSngban, Sweden, gave FeO 0'74%. These 
minerals all possess a perfect basal cleavage, and are optically uni- 
axial with weak birefringence. Brugnatellite (A., 1909, ii, 247) 
probably belongs to the same group, and may be identical with pyro- 
aurile. Hydrotalcite, stichtite, and pyreaurite result from the 
alteration of corresponding members of the spinel group, namely, 
spinel, chromite, and jacobsite respectively. L. J. S. 

Vonsenlte, a New Mineral. Ap.thur 8. Fakir (Amer. Min., 
1920, 5, 141 — 143). — A large boulder-shaped mass of a coal-black 
mineral with brilliant, metallic lustre occurs with magnetite, 
chlorite, and pyroxene at a granite limestone contact at Riverside, 
California. It is quite opaque and non-magnetic ; H 5, R 4'21 . Im- 
perfect, prismatic crystals are orthorhombic or monoclinic ( a:b — 
0-7558). The mineral fuses at 3 to a black, magnetic bead, and -it 
is completely soluble in hydrochloric or sulphuric acid. The average 
composition is : 

FeO. MgO. B.O,. Fe,0.. Total. 

39-75 10-71 14-12 34-82 99-40 

Other estimations of magnesia gave 7*43 — 11"51%. These results 
agree with the ludwigite formula, 3(Fe,Mg)0,B 2 0 3 + FeO,Fe.,0 3 , but 
with ferrous oxide largely in excess of magnesia. Further, the 
mineral differs structurally and optically from ludwigite. L. J. S. 
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Higginsite, a New Mineral of the Olivenite Grom, 
Charles Palache and Earl V. Shannon ( Amer . Min., 1909 ?' 
155 — 157). — Occurs as bright green, orthorhombic 
(a:b: e=0’6212 : 1 : 0'7940) in black manganese ores at the 1 1 - 
mine, Bisbee, Arizona. H 41, D 4'33, fusibility 3; readily soluh)' 
in hydrochloric or nitric acid, partly soluble in sulphuric acid, ana 
insoluble in ammonia. Analysis gives the formula 
2Cu0,2Ca0,As.,0 5 ,H,0 

or CuCa(OII)(As0 4 ), analogous to those of olivenite and dcscloizite 
H.,0 H.O 

CuO. CaO. V a 0 5 . A-:, 0 ,. <105°. > 105". Fe a 0 3 . MuO. Insol. Total 
28-67 20-83 1-97 41-23 0-08 3-41 0-48 2-84 0-86 100 . 3 ; 

L- J. S. 

Australian Minerals. C. Anderson (fire. Australian Museum 
192Q, 30, 1—31). — Detailed crystallographic descriptions are given 
of several mineral species from various Australian localities - ana- 
lyses are given of the following: Corroded crystals of beryl (aqua- 
marine), from Torrington, N.S.W., have low D 2'664 and refractive 
indices w = l’5S85, e = l’5640 (Na), and arc correspondingly poor in 
alkalis, as shown by the following analyses by J. C. H. Mi.tc.iye 
(Ann. Hep. Dept. Mines, iF.iSUl’., 1916, for 1915, 198): 

Si0 2 . Ai,O s . 010. Ft-O. MgO. Na,0. K,0. H,0. Total. Sp. ft. 

IT. CO-OS 19-86 12-90 0-30 nil 0-43 nil 0-58 10021 2-0iil 

It 04-70 22-22 11-84 0-37 0 04 0-24 0-13 0 00 100-14 »•(*! 

Also Iraccs of Mn, Li, Sr, and C's(?); absence of Ca, Cr, X , p. 
Associated with the beryl is wolframite, which, containing on!v 
3-95% MuO, is near the ferberite end of the series. Chabazite (v:ir. 
phacolite), as small crystals with calcite in decomposed basalt near 
Glen limes, N.S. W., gave SiO» 45 71, ILO 21-91%. Mimetite. as 
almost white crystals in limonite, from Mount Bonnie, Northern 
Territory, gave : 

PliO. As A- P,O s - Cl. Total (less O for (11. 

76-22 20-55 1-41 2-00 99-73 

L. J. S. 


Analytical Chemistry. 


A Graduated Tap Funnel for the Acid Incineration 
Mixture in Neumann’s Method. Georo Lockkmann (ZeitsrX 

physiol. Chern., 1919, 107, 211— 212).— The manipulation in 
Neumann’s wet method for ashing organic substances (A., 1-'-: 
ii, 243; 1905, ii, 68) is facilitated by the use of a graduated tap 
funnel for running in the acid mixture. S. S. Z. 
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Use of Ultrafiltration in Toxicological Analysis. 

C. J1-4NNICII and Ghete Wippermng (Bn. Vent, pharm. Ges. 
1920, 30, 348 361). Ultrafiltration (filtration through collodion 
membrane) is not suitable generally for toxicological work, owing 
to loss of alkaloids and heavy metals, due to absorption of these 
bv the membrane. The loss is small, but it is important when 
dealing with traces of poisons; it is greatest in the case of mercury 
land practically negligible for arsenic and antimony. The method, 
however, is useful for the separation of potassium chlorato and 
oxalic acid from organic substances, etc. W. P. S. 

Alignment Chart for Reduction of Gaseous Volumes. 

Hass G. Schwerdt and W. W. I.oebe (Glum. Zeit., 1920, 44 
1818-819).— The construction and use of an alignment (nom<^ 
graphic) chart for the reduction of volumes of gases, measured over 
water or potassium hydroxide solution, to standard temperature 
and pressure are described. j p p 

*' 

Exact Gas Analytical Methods. E. Ott {J. Gashdeucht., 
1920, 63. 198-205 , 213—220 , 246—253, 267-271; from Chern, 
Zentr., 1920, iv, 397 . Compare this voh, ii, 52).— The combus- 
tion of carbon monoxide, hydrogen, and methane, separately and 
when mixed in the presence of platinum, has been examined. The 
calculation is based on observations of the contraction, carbon 
dioxide produced, and oxygen consumed. The estimation of a 
mixture of the three gases by absorption of carbon monoxide by 
means of cuprous chloride, followed by fractional combustion of 
hydrogen and methane, has been performed as a control, In 
addition, the mixed gases are investigated by the fractional com- 
bustion of hydrogen and methane or. the one hand and of methane 
on the other in the presence of platinum. The results are fully 
described, and are designed as standards for a subsequent investi- 
gation of the fractional combustion of the gases over copper oxide. 
A simple apparatus is described which permits the complete 
analysis of coal-gas. etc., and in which the parts containing the 
gas remain closed; the estimation of heavy hydrocarbons necessitates 
the attachment of a connexion for the introduction of liquid, and 
this can be conveniently arranged. IT. W. 

The Examination o! Naturally Occurring Gases. 

F. Henricii (tier., 1920, 53, [B]. 1940 — 1949).— Methods for 
collecting and analysing natural gases are described. A special 
apparatus was designed for removing nitrogen for the estimation 
of tile rare gases after removing carbon dioxide and oxygen by the 
usual methods. The gas is circulated through a hard glass tube, 
heated at 500°, containing a mixture of calcium and sodium in 
the ratio 10:1, -until there is no further diminution in the volume 
of the gas. Since the hard glass tube is attacked by the metal 
and will not stand a vacuum at the temperature employed, it is 
enclosed in a quartz tube, contact between the two being pre- 
vented by means of iron foil or wire. The nitrogen can by this 
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means be removed completely from about 300 c.c. of gas i a f r 
ten to fifteen minutes. The gas from a cold spring near Leupoldt 
dorf, Bavaria, was found to contain 13-0% of oxygen, 86% j 
nitrogen, and 1% of rare gas, chiefly argon. Its radioactivity ° t ,. 
0'2398.10~ 6 Curie, and it was probably of atmospheric origin * 

e.h.e. 


The Estimation of Chlorides in Blood. Victor c. 
and James J. Short (/. Biol . Chem., 1920, 44 , 47 — 53).— A mun^, 
of methods for the removal of the proteins of the blood were tried 
but none proved as satisfactory as the use of picric acid recom. 
mended by Van Slyke and Donleavy (A., 1919, ii, 239). Accord 
ingly, this method is employed, and the estimation is carried out or 
the same filtrate as is used for the estimation of creatinine and 
dextrose. The usual Volhard reagents are used in a diluted torn 
and the precipitate of silver chloride is removed by centrifugalisj. 
tioa. J. C. D. 


The Estimation of Traces of Bromine in Organic 
Matter. A. Damiens ( Compt . rend., 1920, 171, 799 — 80S).— 
The organs or organic matter are dried at 100 — 105°, and the dried 
material mixed with 5 parts of potassium nitrate and 10 parts ol 
sodium carbonate and heated in a silver crucible to just short oi 
fusion. The mass is extracted with water and the solution filtered. 
In a portion of the filtrate the iodine, as iodide, may lie estimated 
by Labat’s method, or by precipitation as silver iodide, liberation as 
free iodine by means of chlorine, and colorimetric estimation, 

In another portion of the filtrate the whole of the halogens are 
precipitated as their silver salts, which are afterwards decomposed 
by zinc and sulphuric acid and the bromine estimated, after filter- 
ing off the silver, by the method of Deniges and Chelle (A., Dll, 
ii, 1208). Ill the presence, of iodide, the iodine is removed from 
the last filtrate by Labat's method, and then the bromine is esti- 
mated as above. * Chlorine is estimated by difference from tit 
total halogen content. W. G. 


Improvement in the Haldane General Air Analysis 
Apparatus. Robert C. Frederick (Analyst, 1920, 45, 409—410). 
■ — By making the wide part of the combustion chamber of the appa- 
ratus 9 mm. shorter, the stem 25 mm. longer, and placing tie 
mark on the stem 12 mm. from the shoulder, any obscuration 
resulting from the 'ombustion remains well below the graduation, 
and frequent- cleaning is not required. Owing to the longer stem, 
the operation of removing globules of mercury from the inlet tap oi 
the apparatus is also facilitated, W. P- 


Simplification of the Kjeldahl Process, particularly for 
the Estimation of Residual Nitrogen. Arnold Bass 
(Deutsch. med. Woch., 1920, 46 , 428—429; from Chem. Zenlr., 
1920, iv, 399— 400).— The serum (1 c.c.) is treated with wstci 
(7 c.c.) and phosphotungstic acid (2 c.c.) and centrifuged for seven 
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ninnies. Five c.c of the supernatant liquid are filtered and treated 
nth potassium sulphate, a little copper sulphate, and concentrated 
ulphuric acid (1 c.c.). The action is complete in about five 
tiimites. (A device for the removal of sulphur trioxide fumes is 
Icscribed and sketched in the original.) The contents of the flask 
,re cooled to about 60° and diluted with water (10 c.c.) ; after com- 
flele cooling, 25 c.c. of alcohol are added. Sodium hydroxide solu- 
ion (33%, 5 c.c.) is introduced and the ammonia is distilled through 
m uncooled tube, the end of which is considerably constricted, into 
ulphuric acid (Nf 100, 10 c.c.); excess of the latter is titrated’ with 
^/'100-alkali hydroxide solution. Three drops of sodium alizarin - 
mlphonate solution (1%) and 6 drops of methylene-blue solution, 
(0-05 gram in 100 c.c. of water) are used as indicator; the colour 
change is from brownish -green to violet. H. W. 

| Estimation of Nitrates in Soils. A. L. Wiiitixo, T. E. 
Richmond, and W. R. Schoonover (J. bid. Enq. Chtm., 1920, 12, 
982— 984).— One hundred grams of the soil are shaken for three 
hours with 300 c.c. of 0'5% hydrochloric acid and allowed to settle 
for eighteen hours; 200 c.c. of the clear supernatant liquid are then 
transferred to a flask containing 5 grams of sodium peroxide, and 
jboiled until the volume is reduced to 25 c.c. If urea is present, 
:the evaporation is carried to complete dryness. Two hundred c.c. 
of water are then added, together with 0‘ 5 gram of Devada's alloy, 
and the mixture is distilled for forty minutes, the distillate con- 
taining the ammonia being collected, as usual, in a definite quantity' 
of standardised acid. p g. 

Detection of Nitrites. L. Tu even on ( J . Pharm. Chinu, 1920, 
[vii], 22, 336 — 337).- -A red coloration develops at once when a 
nitrite solution is treated with a few drops of 33% acetic acid and 
2 c.c. of 0‘5% p-aminophenol hydrochloride solution. The reaction, 
which may be used for the detection of nitrites in drinking water, 
is not given by nitrates, and the sails occurring in natural waters 
do not interfere with the test. W. P. S. 

Rapid Colorimetric Methods for the Estimation of 
Phosphorus in Urine and Blood. Richard I). Bell and 
Edward A. Doisy (/, Biol. Chem., 1920, 44, 55— 67).— The authors 
take advantage of the fact that certain reducing agents will reduce 
phosphomolybdic- acid in the presence of molybdic acid without 
affecting the latter. Quinol was selected as the most suitable 
reducing agent. 

If quinol is added to a faintly acid solution of molybdic acid 
the mixture will be perfectly colourless when treated with a solu- 
tion of sodium carbonate and sodium sulphite. "When phosphates 
are present, however, a blue colour is produced which can be 
compared in the usual manner with a standard. 

This forms the basis of methods for the estimation of phosphorus 
and phosphates in urine and blood. It is stated that the results are 
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not as accurate as those yielded by a suitable gravimetric method 
but that the process is a more convenient one for certain purposes 

J . C. D. 

An Extremely Sensitive Colour Test for Phosphates and 

Arsenates. G. Denigks (Commit, rend., 1920, 171, 802 — sot ) 

The reagent used is a mixture of equal volumes of concentiai e( j 
sulphuric acid and a 10% solution of ammonium molybdate. To 
5 c.c. of the liquid containing phosphate or arsenate, 3 — 10 drops u 
the reagent, according to the amount of phosphate present are 
added. The mixture is shaken, and one or two drops of a freshlv 
prepared solution of stannous chloride-are added. A blue colour is 
obtained in the presence of a phosphate or an arsenate, Fluorides 
tend to inhibit the reaction, but, this can he overcome by the 
preliminary addition of boric acid if they are present] W. G. 

Estimation of Arsenic and Phosphoric Acids in the 
Presence of Large Amounts of Salts. Leon Df.sbociidehi 
(Bull. ilci. Pharmacol., 1920, 27 , 225—240, 300—313 , 363-372) - 
By the addition of sodium salts to magnesia mixture, magnesian 
hydroxide is precipitated in amount depending on the quantity of 
ammonium salt present. 

When arsenic is precipitated as magnesium ammonium arsenate, 
the precipitation is incomplete after thirty-six hours in the presence 
of ammonium nitrate, ammonium chloride, or ammonium sulpha! e ; 
in the first two cases complete precipitation is effected in twice 
hours by the addition of magnesium nitrate or chloride in amount 
equivalent to 1 /35th of the ammonium nitrate or chloride present. 
Complete precipitation is inhibited by sodium sulphate, chloride, or 
nitrate, even in the presence of the corresponding magnesium salt, 
Precipitation is complete in thirty-six hours in the presence of 
potassium nitrate, but in the case of potassium chloride magnesium 
chloride equivalent to l/35th of the potassium chloride must be 
added. 

Provided an excess of magnesia mixture is used, the precipitation 
of phosphoric acid as magnesium ammonium phosphate is complete 
in hot or cold solution in the presence of ammonium nitrate; pre- 
cipitation is complete in the cold in the presence of ammonium 
chloride, but not in the hot, whilst in the presence of ammonium 
sulphate precipitation is incomplete in all cases. Precipitation is 
incomplete in the presence of sodium nitrate, chloride, or sulphate; 
with the potassium salts precipitation is satisfactory in warm solu- 
tions and is complete in the cold in the cases of the chloride ana 
sulphate. 

In estimating phosphoric or arsenic acid as the silver salt in the 
presence of ammonium, alkali or alkaline earthy nitrate, sulphate, 
or chloride, the solution is acidified, if necessary, with 5—10 c.c. 
of concentrated nitric acid, silver nitrate is added in amount corre 
sponding with the chloride and phosphate or arsenate present, ana 
then an excess equivaleht to 5% of the ammonium salt or 2% of the 
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potassium salt present ; tbe mixture is rendered barely perceptibly 
acid by the addition of ammonia, and after half-an-liour the pre- 
cipitate is collected, washed with 0 - “ 2 % silver nitrate, and digested 
on a boiling water-bath for one hour with 1 vol. of a solution of 
40 c.c. of concentrated nitric acid and 4 grams of barium nitrate 
made up to 1 litre. The solution obtained by filtration is free from 
chloride and sulphate. The residue in the filter is washed with 

V ols. of a solution of 20 c.c. of concentrated nitric acid, 0 5 gram 
of barium nitrate, and 4 grams of silver nitrate made up to 1 litre; 
the combined filtrates are rendered barely acid by ammonia, and 
the precipitate is collected, washed with 0 - 2 % silver nitrate and 
with water, dried at 150°, and heated at 400° for two hours before 
weighing. The method, which is applicable to magnesium 
ammonium phosphate or arsenate, in general tends to give slightly 
high results. Chemical Abstracts. 

Detection of Graphite and its Distinction from Similar 
Minerals, O. Hackl ( Verh . geol. Reichsamt. Wien, 1918, 
001 — 262 ; from Chem. Zentr 1920, iv, 399). — Simple methods 
are indicated for distinguishing between carbonaceous substances 
and oxides of irou or manganese, metallic manganese, and 
antimony. The following. microchemical method is recommended 
for the detection of even traces of graphite. The substance is 
completely freed from carbonates by treatment with boiling dilute 
hydrochloric acid, after which it is washed and dried. The residue 
is fused with ten times its weight of potassium nitrate, which con- 
veri s carbon into carbonates, and the product is extracted with a 
lillle water. The presence of carbon is shown by tbe evolution 
of carbon dioxide after addition of dilute hydrochloric acid. Tf 
only traces of carbon are present, a drop is treated successively 
with strontium acetate and dilute hydrochloric acid; evolution of 
gas is then readily observed under the microscope, as is also the 
eventual re-solution of precipitated strontium carbonate. 

II. W. 

Relationship of Hydrogen-ion Concentration of Natural 
Waters to Carbon Dioxide Content. It. K Greenfield and 
G, C. Baker (J. hid. JUiuj . Chem., 1920, 12, 989 — 991). — The 
hydrogen-ion concentration of natural waters may be calculated 
approximately from the simple mass-law equation of the primary 
ionisation of carbonic acid, namely, (II )(HCO./)/(H.,(X)..-r CCL) — 
3'OxlO -7 (Landolt and Boinstein). or (II }(COJ 
6*0 x 10 " 11 (Auerbach and Pick). If hydrogen carbonate and 
carbon dioxide are expressed in terms of CCX> per litre, 
(H')- 3’0 x 10" 7 CO ? 7'(HCO 3 / ) + l x I0" s . W. P. S. 

Active Carbonic Acid in Drinking .Water. I. M. 

Koltiioff (Chem. Wcekblad, 1920, 17, 558).- A reply to 
criticisms, pointing out that the values given by the author (ibid., 
390) are not affected by the presence of normal quantities of alkali 
or magnesium carbonates. [See J. Sac. Chem. hid., 1920, 
December.] S. I. L. 
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Estimation of Potassium as Perchlorate. Ill: 0 KFl . ut 
P. Baxter and Feans E. Rupert (/. Amer. Ghem. Soc. jq™ 
42, 2046 — 2049. Compare A., 1917, ii, 270; this vol., ii, 

The solubility of potassium perchlorate has been determined a f ip 
and 20° in methyl alcohol, and in ethyl alcohol denaturaied with 
5% of methyl alcohol, both solvents containing known percentages 
of perchloric acid. The solubility in methyl alcohol was many 
times greater than that in the denaturaied ethyl alcohol cmi . 
sequently the former solvent is unsuitable for washing potassium 
perchlorate in quantitative work. The solubility j n ^ 
denaturated ethyl alcohol is practically the same as that in pure 
ethyl alcohol. The procedure previously described for the estim- 
ation of potassium (Joe. cit.) was therefore carried out usiiw 
denaturated ethyl alcohol instead of absolute ethyl alcohol. 'J'h* 
results show that ethyl alcohol denaturated with 5% of methyl 
alcohol may safely be substituted for ethyl alcohol in washing 
potassium perchlorate, and that the temperature at which the 
washing occurs is unimportant if the washing liquid employed after 
the initial extraction is previously saturated with potassium 
perchlorate. J. F, g. 


A Microchemical Reaction for Ammonium Salts. 

C. van Zijp ( Pharm . Weekblad, 1920, 57, 1345 — 1348).— See this 
vol,, i, 918. 


A New Microchemical “Two-phase Reaction" for 
Magnesium Ammonium Phosphate. Hermann Kuxz-Kkacsi 
( Ber ., 1920, 53, [B\, 1672 — 1673). — The following reaction, which 
is best observed microscopically, is specially suited to the detection 
of magnesium ammonium phosphate in urinary sediments, but 
may be applied to the detection of phosphates generally. Tie 
solution of the sediment in acetic acid is neutralised with ammonia. 
On addition of a drop of silver nitrate solution, an egg-yellow, 
cheese-like precipitate of silver phosphate is formed, 'which dis- 
appears on addition of a drop of ammonia. At the same time, the 
magnesium ammonium phosphate is precipitated as colourless, 
shining prisms united in the form of rosettes. The reaction may 
be applied to the detection of phosphates as cellular enclosures in 
plant tissues. E. H. R. 


Microchemical Distinction \ between Sericite and Talc. 

O. Hackl- ( Vf:rk. gent. Reichsanst. Wien , 1918, 241- — 242; from 
Chem. Zentr., 1920, iv, 399). — Since sericite (potassium aluminium 
silicate) frequently contains magnesium and talc (magnesium 
silicate) often contains aluminium, the qualitative macrochemical 
tests for aluminium and magnesium give but little information. 
Complete solution of the mineral is unnecessary for microchemical 
investigation ; it suffices if the finely powdered mineral is extracted 
with boiling concentrated hydrochloric acid and the solution is 
evaporated ; the residue is dissolved in a little acidified water, an 
one portion is examined for uotassium by means of platmic 
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chloride, whilst another part is tested for aluminium with so\i U m 
sulphate and cesium chloride. ' j-j; 

Estimation oi Copper (especially in the Analysis uf 
Sugars) by means ol Potassium Thiocyanate an4 
potassium Iodide. G. Bruhns ( Zeitsch . anal. Chem., 1920, 59, 
337— 359).— Investigation of the conditions controlling the ’reac- 
tion between cupric salts and a mixture of potassium thiocyanate, 
and potassium iodide showed that the following procedure is trust- 
worthy. Twenty c.c. of Fehling's solution and 20 c.c. of the 
sugar solution (containing not more than 0-4% of sugar) are mixed, 
boiled for two minutes, 50 c.c. of cold water are then added, and 
the whole cooled rapidly. Five c.c. of potassium thiocyanate- 
iodide solution (potassium thiocyanate, 0G5 gram; potassium 
iodide, 01 gram in 8 c.c. of water) are added, followed by 10 c.c. 
of G'o.V-sulphuric acid, and the liberal ed iodine is titrated with 
lliiosulphato solution (34'4 grams per litre). A control titration 
is made at the same time with the same quantities of reagents, but 
without heating, and the difference between the quantities of thio- 
sulphate solution used for the two titrations is a measure of the 
reducing sugar present. Tables are given showing the amounts 
of sugar corresponding with various volumes of thiosulphate 
solution. W. F. S. 

Colorimetric Analytical Methods. XIII. Estimation of 
Mercury in Urine. W. Autenrieth and W Montiony 

(Munch, mcd. Woch., 1920. 67, 928 — 9.31 ; from Chem. 7entr., 
1920, iv, 426).- — A colorimetric method is described for the estim- 
ation of mercury in urine as mercuric sulphide with the. aid of 
the Autenricth-Konigsberger colorimeter; other metals precipi? 
table by hydrogen sulphide must not be present. H. W. 

Volumetric Estimation of Mercury, Iron, and Vanadium 
in the same Solution. G. Kuhrd (Ann. Chim. anal., 1920, 
[ii], 2. 297 — 299).- -To estimate mercury, iron, and vanadium 
in sulphuric acid solution, an aliquot portion of the latter is treated 
with hydrogen sulphide, the mercury sulphide separated, oxidised 
with bromine, the excess of bromine expelled by heating, the solu- 
tion then rendered alkaline with potassium hydroxide (precipitated 
mercuric hydroxide does not interfere), a known excess of 
standardised potassium cyanide solution is added, and the excess 
then titrated with silver nitrate solution, potassium iodide being 
added as indicator. The quantity of cyanide used is equivalent to 
the amount of mercury present: 

IlgO + 4KCN + H s O - HgK. 2 (CN), + 2KOH. 

The filtrate from the mercury sulphide is boiled to expel hydrogen 
sulphide, oxidised with bromine, and the iron is precipitated as 
ferric hydroxide by treating the boiling solution with potassium 
hydroxide; the ferric hydroxide is dissolved in hydrochloric acid, 
again precipitated as hydroxide (to remove remaining traces of 
vanadium), then dissolved in sulphuric acid, and estimated iodo- 
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metrically: Fe 2 0 3 +2HI = 2FeO + H 2 0 + I 2 . Iron and vanadim, 
are then determined together iodometrically in a separate p ort ' 
of the original solution: 'Vj 0 5 +2HI=V 2 0 4 + H 2 0 + I,. j t - 

original solution also contains mercurous, ferrous, and vanad i 
salts, the first may bo separated by treatment with sodium chlorid 
solution, whilst the proportions of ferrous and vanadyl salts 
be estimated by iodometric titration before and after oxidation 1 

W. P. S 


Rapid Method for the Analysis of Light Aluminium 
Casting Alloys. Russell M. Berry ( J . bid. Eng. Chm.. ig> ( ] 
12, 998 — 1000). — The accuracy of the rapid method described 
depends on the f acl s that a larger amount of the alloy can be takes 
and that most of the aluminium is removed at the outset from i 
the other metals, except zinc. The alloy is dissolved in 25)) sodiu* 
hydroxide solution, and the insoluble residue (tin, copper lead 
iron, nickel, magnesium, part of the manganese, and traces d 
aluminium) washed with dilute sodium hydroxide solution, Tr» 
filtrate is acidified with formic acid, the zinc precipitated wit! 
hydrogen sulphide, the zinc sulphide digested with hot dilute lmlro- 
chloric acid, the liquid filtered, and the filtrate and washier? 
titrated with potassium ferroeyanide solution. Tin is estimated 6v 
digesting the alkali-insoluble portion with nitric acid, filtering i 
solution, washing the residue, and extracting it with ammonium 
polysulphide and ammonium chloride. Tile filtrate containing tie 
tin is acidified with acetic acid, a,nd the tin precipitated as sulphide, 
ignited, and weighed as SnO,. Copper and lead are estimate! 
electrolytically in the first filtrate from the. tin, the copper being 
deposited on the cathode, and the lead on the anode. Iron is pro 
cipitated as hydroxide in the electrolyte from the copper and lead 
estimations, the washed precipitate dissolved in dilute hydrochloric 
acid, and the iron reduced with stannous chloride and titrated will 
standard potassium permanganate solution. The filtrate from ib 
iron (and traces of aluminium) is used for the precipitation of tb 
nickel by means of dimethylglyoxime. whilst magnesium is precipi- 
tated as phosphate in the filtrate from the nickel. Manganese is 
estimated by treating the alloy with sodium hydroxide solution, 
adding nitric acid in excess, and then a few crystals of silver 
nitrate, oxidising the solution with ammonium persulphate, and 
titrating it with standard arsenite solution. For the estimation oi 
silicon the alloy is dissolved in a mixture of nitric and sulphuric 
acids and water, the solution evaporated to dryness, the residue 
treated with hydrochloric acid and hot water, and the silica igmtea. 
weighed, treated with hydrofluoric acid, and again weighed. [See, 
further, J. Sac. Cham. Ind., 1920, December.] C. A, M. 

Detection of Manganese in the Presence of Phosphates, 
D. H. Wester (Bet. Dent. V harm. Gee., 1920 , 30, 381—382. Corn 
pare this vob, ii, 334, 389). — A further criticism of the inethff 
described by Schmidt ( loc . cit.). W- P. ■ 
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Detection of Manganese in the Presence of Phosphates. 

Eryst Schmidt (Ber. Dev t. Pha-rm. Get., 1920, 30, 383).— A leply 
to Wester (compare preceding abstract). The manganese should be 
first separated by precipitation as sulphide in order to remove 
phosphates. W. P. S. 

Separation of Iron from Aluminium by Precipitation 
as Prussian Blue. Harrison Hale and G. 0. Burr {J. Amcr. 
Chem. Soc., 1920, 42, 2056 — 2058).— The quantitative separation of 
iron from aluminium as Prussian blue cannot be effected, since the 
aluminium reacts with the excess of potassium ferrocyanide, 
forming a jelly which cannot be handled. The precipitate of 
Prussian blue cannot be successfully filtered, even after apparently 
perfect coagulation. J. F. S. " 

Analysis of Molybdenum, Cobalt, and Chromium 
Alloys. J. R. Camp and J. W. Harden (J. hid. Kng. Chem., 
1920, 12, 998). — The alloy is dissolved iu aqua regia, the excess of 
which is expelled by heating the solution with 3 c.c. of sulphuric 
acid. The liquid is cooled, diluted to 100 c.c., saturated with 
hydrogen sulphide, and heated iu a closed bottle for an hour in 
boiling water. The precipitate of molybdenum sulphide is sepa- 
rated, washed, dissolved, reprecipitated, finally ignited for 
two hours in a muffle, and the residue weighed as MoO s . The 
cobalt is precipitated from the boiling filtrate with sodium peroxide, 
(lie precipitate washed with dilute hydrogen peroxide, and the black 
robaltic hydroxide ignited and weighed at Co 3 0 4 . In most cases 
rcprecipitalion of the cobalt, is necessary to ensure complete separa- 
tion. The filtrate is acidified and the chromates titrated with 
ferrous ammonium sulphate solution, potassium ferricyanide being 
used as an external indicator. [See also J. So,:. Chem. I ml., 1920, 
December.] C. A. M. 

Identification of Tin in Ores. August Zoller {Chem. Mr.it., 
1920, 44, 797 — 798). — A portion of (lie mineral or ore is placed on 
a piece of zinc foil and moistened with a drop of hydrochloric acid ; 
if tin is present a grey film of metallic tin appears on the surface 
of the mass within a few minutes. TV. P. S. 

Estimation of Gold. Paul Draws; (Zeitech. emgev. Chem., 
1920, 33, 272).— The following method is recommended for the 
estimation of gold in alloys also containing silver and copper. From 
0'4 to 0'5 gram of the sample is dissolved ill aqua regia, the solution 
evaporated to dryness, and the residue treated with hydrochloric 
acid and water. After the silver chloride has been separated by 
filtration, the solution is rendered alkaline with potassium hydr- 
oxide, boiled, and the cupric oxide collected on a filter. The filtrate 
is acidified with hydrochloric acid, then rendered slightly alkaline 
with potassium hydroxide, hydrogen peroxide is added, the mixture 
boiled and the metallic gold collected ignited, and weighed. 

s \V. P. S. 
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Quantitative Organic Microanalysis. R. Cornubert 

gen. set., 1920, 31, 442 — 455). — The paper describes the origin and 
development, of the micro-balance and its manipulation. Detail^ 
descriptions are given for the micro-estimation of carbon, hydrogen 
nitrogen, halogens, sulphur, sodium, potassium, calcium, barium 
silver, gold, terbium, platinum, chromium, copper, phosphorus' 
methoxyl, carboxyl, and the !N*OMe group, and for the micro-deter. 
mination of molecular weights, the methods being essentially those 
of Pregl and Dubshy. Chemical Abstracts. 

Use of Reduced Copper in the Elementary Analysis o( 
Organic Compounds. Emile Chekbumez (Helv. Chim, Acta 
1920, 3, 652 — 653). — At a red heat, copper containing small pm 
portions of iron or zinc causes appreciable reduction of carboo 
dioxide to carbon monoxide, and is, therefore, unsuitable for use 
in the determination of carbon and hydrogen in nitrogen com- 
pounds by combustion or in the estimation of nitrogen (compare 
l’errot , (Uimpl. 1839, 48, 53). T. H. P. 

Absorbent Solution for' Heavy Hydrocarbons. Ales. 
Pjechota (Chern. Zeit., 1920, 44, 797). — A saturated solution of 
potassium dichromate in concentrated sulphuric acid is an efficient 
absorbent: for heavy hydrocarbons in gas analysis. W. P. S. 

Analysis of Aromatic Nitro compounds by means ot 
Titanium Chloride. F. L. English ( J . Tnd. Eng. Ghem., 1920. 
12, 994—997).- -Mononitro-hydrocarbons are exceedingly resistant 
to reduction by titanium chloride, but the presence of positive or 
negative substituents, with the exception of chlorine, in the nucleus 
facilitates the reduction of the nitro-gronp. Further, it would 
appear that the orientation of the substituents with respect to the 
nit.ro-group has no appreciable effect; thus, m- and p-nitroamline 
are reduced readily, as are o- and p-nitrophenols, o- and m-nitro- 
p-toluidines, and (wo of the nitrosalicylic acid isomerides. Con- 
versely, o- and yi-chloronitrobenzene are about equally refractory. 

' W. P. S. 

Detection of Methyl Alcohol as Methyl p Bromobenzoate. 

W. Aftenrieth (.1 rrh. Phnrm. t 1920, 258. 1 — 14). — Methyl 
alcohol in warm dilute aqueous solution is converted by 
p-bromobenzcyl chloride in presence of 10% sodium hydroxide into 
the well characterised and easily crystallisable methyl p-bromo- 
benzoate. The test is sufficiently sensitive to detect 0-05 gram of 
methyl alcohol, even in extreme dilution. The ester is recog- 
nisable by its anise -like odour, its m. p., 77 — 78°, its bromine con- 
tent by the Carius method, and its conversion by aqueous ammonia 
into p-bromobenzamide, m. p. 188°. The crystalline ester can 
readily be isolated, even in presence of a large excess of the ethyl 
ester, which is liquid at temperatures as low as — 16°. Thus, from 
a solution containing 0 2% of methyl and 0-8% of ethyl alcohol, 
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crystal of the methyl ester were obtained, the metnod beinw to 
extract with ether and crystallise from aqueous alcohol the residue 
from the ethereal extract. Similarly, 5% of methyl alcohol in a 
spirit of wine was detected after one fractional distillation. Minnie 
quantities of methyl alcohol in urine can likewise be detected after" 
distilling 'with phosphoric acid to retain ammonia, and redistilling 
the distillate with alkali hydroxide to remove phenols. Although 
the method does not lend itself to an exact estimation of methyl 
alcohol, yet, when it is a question of the estimation of small 
quantities in dilute aqueous solution, approximate figures may be 
obtained, as, according to the results of a scries of experiments, 
fairly constant amounts of 55—65% of the theoretical quantity of 
methyl p-bromobenzoato were isolated. G. F. M. 

Titrations with Surface-active Substances as 
Indicators. IV. The Buffer System in Physiological 
Solutions (Wort and Beer) as Determined by the Applica- 
tion of Surface-active Substances as Indicators. Wu.hslh 

Windisch and Wai.thkr Dietkicji ( Biochem . Zeitsch., 1920, 106, 
1)2—109). — Wort and beer, as well as their ultra-filtrates, show 
very little capillary activity on addition of .V/ 10-sodium hydr- 
oxide and A/ 10 -hydrochloric acid, which suggests that they con- 
tain small quantities of capillary-active fatty acids, Wort and 
beer are amphoteric, as they manifest a lowering in the surface 
tension oil the addition of sodium undecoate (acid indicator) and 
euenpine dichloride (basic indicator). The titrations indicate the 
following buffer system in wort: free organic acids-secondary 
phosphate — primary phosphate-organic salts. On fermenting, 
the excess of carbon dioxide changes the equilibrium, as follows: 
free organic acids-bicarkmate — primary phosphate-organic salt 
(compare this vol., ii, 48, 706, 707). S. g, 2. 

The Colorimetric Estimation o£ Phenol in Urine. 

II. Weiss ( Biochem . Zeilsch., 1920, 110, 258 — 265).— The method 
described by the author for the estimation of tyrosine with Millou’s 
reagent (this vol., ii, 135) can also be employed for the estim- 
ation of hydroxyphenyl derivatives in urine. The latter have, 
however, to be previously liberated from the acids with which they 
are combined by means of hydrolysis. In disease, there is an 
increase in the excretion of phonol. S. S. Z. 

Estimation oi Very Small Quantities of Dextrose. 

Perkier (./. Pham. (Jhim., 1920, [viij, 22, 337 — 344). — A method, 
proposed originally by Bougault (A., 1917, ii, 395), and depending 
on the oxidation of aldoses by iodine in alkaline solution, is applic- 
able to the estimation of very small quantities of dextrose. Two 
hundred c.c. of the sugar solution (containing about 0T7 gram per 
litre) are mixed with 200 c.c. of A/200-iodine solutiou and about 
7 c.c. of 1'5% sodium carbonate solution, and the mixture is 
diluted to 1000 c.c. ; after two hours, t.he mixture is acidified with 
hydrochloric acid and titrated with A/ 100-thiosulphate solution. 
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(>■2 C.c. is deducted from the volume of iodine solution required 
tooxidise tl'.o sugar. The method may he used for the estinialiou 
of dextrose in body fluids. W. ]?. g 

Preservation oi Specimens of Blood intended for Blood, 
sugar Estimations. W. Denis and Martha Aldrich (/. 

1920, 44, 203 -206). — One drcp of commercial forui- 
aldchyde to 5 c.c. of oxalated blood appears to be a satisfactory 
preservative. It does not interfere with the subsequent estim- 
ation. ^ V D. 

Folin and Wu's Methods for the Estimation of the 
Sugar and the Nitrogenous Constituents of the Blood, 

R. Delaby ( Bull . sci . pharmacol ., 1920, 27, 372 — 374).— A review 
of the latest method of Folin and Wu for the estimation of sugar 
in the blood, and the statement that these authors advocate in 
correspondence the use ol a urease paper for the estimation ol' urea, 
This paper is made by dipping titter paper into the filtrate from 
a mixture of 30 grams of jack-bean powder, 15 grams of per- 
mutite, and 200 c.c. of I ethyl alcohol. Two to three sq. cm. 
of the paper are used for each estimation. 

Chemical Abstracts. 

Estimation oi Small Amounts of Reducing Sugar in the 
Body Fluids. L. de Saint-Rat and -1. Ronfaut (Bull. sci. 
■ pharmacol , 1920, 27, 289— 293),— To 5 c.c. of solution contain- 
iu» from 0 to S mg. of reducing sugar are added 5 c.c. each of 
Bertrand’s copper aud alkali solutions, and the mixture is placed 
in a boiling-water bath for twenty minutes. To prevent evapor- 
ation, a glass bulb is placed in the mouth of the tube. Identical 
conditions of dilution must be scrupulously observed. The blank- 
obtained with water and the 10 c.c. of alkaline copper solution 
under these conditions is equivalent (o 0'78 mg. of cupper The 
copper oxide formed is filtered on asbestos by gentle suction in 
such a way as to prevent undue contact with air. This is accom- 
plished by closing the filtering tube with a perforated stopper 
through which passes a glass tube to the reaction test-tube, the 
contents of which are slowly aspirated over into the filtration tube 
by the same suction stream that brings about filtration. The pre- 
cipitate is dissolved by intermittently aspirating two 5 c.c. lots ol 
ferric solution (which has been proved to have no reducing actira 
on permanganate solution) through the tube, i’ne reaction test 
tub© is washed tvi ’© with 5 c.c. of th© ferric solution, and t.e 
tube and filter are washed with water. The filtrate is titrated witn 
O’SA-permanganate prepared according to Halversen and Bei£- 
heinTs method. A table and chart are given of the n:g. °t 
dextrose per mg. of copper obtained. Body fluids, such as cere ro- 
spinal fluids, are deproteinised by first heating the solution on the 
water-bath with equal amounts of zinc and lead acetates, as 
measured on the tip of a knile blade, and filtering. 

Chemical Abstracts. 
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Identification o! Acids by Phenacyl Bromide. H. E. Cox 

Analyst, 1920, 45, 412). — When using phenacyl bromide 

' -bronioacetophenone) for the esterification and identification of 
icids (compare Rather and Reid, A., 1919, i, 157), care should be 
aken that the substance does not come into contact with the skin, 

■ e e ven small quantities produce very painful blisters. 

: W. P. S. 

Comparison of Methods for Estimating the Iodine 
Number of Fats. W. Devriext {Bar. Deut. phann. Ges., 1920, 
gQ 30]_366). — Estimations of the iodine number of elaidic acid 
l,v different nietliods yielded the following results: Hiibl method, 
S0'3; Waller method, 80'0; Winkler method, 80- 8; Wijs method, 
Hanus method, 82’5. The author prefers the last method, 
as beiu CT the most simple and rapid, and because the result obtained 
is nearer the theoretical value, 90, than are those given by the 
other methods. W. P. S. 

Microchemical Detection of Cyanic Acid. R. Fosse 
/ Qompt . rend., 1920, 171, 722— 723).— Silver cyanate crystallises 
from hot aqueous solution in a definite microcrystalline form, by 
means of which it can be identified. When silver cyanate, 
potassium chloride, and cobalt acetate are ground together in 
{]. e "solid state, a deep blue colour is obtained, -which disappears 
on the addition of water and reappears on the addition of alcohol. 
The blue colour is due to the formation of potassium cobalti- 
cyanate, which may be distinguished from the coballithiocyanate 
m that only the latter gives a colour with amyl alcohol. Pilule 
acids do not destroy or decolorise the cobalticyanate. Ferric 
chloride gives a red colour with the cobaltithiocyanates, but not 
with the cobalticyanates. Finally, if silver cyanate is ground 
with liydroxylamine hydrochloride, and a drop of ferric chloride 
solution added to the product, a violet-blue coloration is produced. 


Estimation of Urea in Blood by Xanthhydrol. 

W. Mestrezat and (Mlle) Marthe Paul Janet (J . 1 ha? nv. 
(’him., 1920, [vii], 22, 369— 377).— See this vol., ii, 645. 

Identification of Sulphonal and Trional. Waltiier 

Zimmer mann (Apoth. Zeit., 1920, 35, 27 ).— Sulphonal has m. p. 
125—126°, and trional has m. p. 76°. When 01 gram of 
sulphonal or trional is heated in a test-tube with 0T gram ot 
sodium salicylate, an odour of mercaptan is observed ; it the mix- 
ture is treated with five drops of alcohol and five drops of poten- 
tiated sulphuric acid, and, after five minutes, heated with the 
addition of a further five drops of sulphuric acid, a turbid, red 
solution is obtained, which lias an odour of methyl salicylate. A 
violet-coloured residue is obtained when a mixture or 0 - gram 
of sulphonal or trional and 0 02 gram of sodium salicylate is 
iguited in a porcelain basin; this residue gives a violet solution 
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when treated with a drop of water. The addition of a dron 
dilute hydrochloric acid changes the colour to yellow, a brow'o 
flocculent precipitate separates, and sulphur dioxide is evolved 
Acetanilide, antipyrin, and phenacetin yield black residues when 
heated with sodium salicylate, veronal a green residue, an j 
santonin a red residue. W. p’ g 

Behaviour of Silico- and Phospho-tungstic Acids towards 
Alkaloids. A. Heiduschka and L. Wolff (Schweiz. Apoth. Zeil 
1920, 58, 213 — 218, 229 — 233). — For gravimetric estimations with 
silicotungstie acid, a O'Ol.Y-solution of the acid (of pre determined 
water content) is prepared and standardised by means of a O'Ol.Y. 
solution of a quinine salt in the presence of 1 % hydrochloric acid; 
the precipitate is collected and incinerated, and the factor is calcu- 
lated from the weight of the residual Si0 2 ,12W0 s . 

The compounds were examined as follows- A O'Ol.Y-solution oi 
the alkaloid is prepared equivalent to 4 mols. :1 mol. of silico- 
lungslic acid. Corresponding volumes of the alkaloid and silico- 
tungstic acid solutions are mixed, 1 % hydrochloric acid is added 
and the precipitate is collected after one hour. With quinine, 
cinchonine, papaverine, and narcotine, precipitation occurs readily-, 
coniine in small quantities is not precipitated. Quinine, 
cinchonine, sparteine, and nicotine form compounds of the type 
8i0 2 ,12W0 S (3n 2 0,2B,.dI 2 0 (or Si : B - 1 :2). Caffeine with 1 % 
hydrochloric acid is barely precipitated, but- with 3% hydrochloric 
acid a 1 : 3-compound is obtained. Morphine, codeine, thebaine, 
atropine, and cocaine yield 1 : 4-compounds. Morphine in the 
presence of 1 — 3% sodium chloride yields a 1 ; 2-compound; with 
strychnine, brucine, narcotine, papaverine, colchicine, aconitine, 
and veratrine, more silicotungstie acid is contained ill tile pre- 
cipitate with greater concentrations of the electrolyte, but at 
lower concentrations the equilibrium is displaced towards the ratio 
1:1. When precipitated from dilute alcoholic solution (in the 
absence of hydrochloric acid), strychnine, brucine, veratrine, and 
aconitine yield exactly 1 : 4-compounds. 

In volumetric analysis, a moderate excess of the silicotungstie 
acid solution is added, then 1 % sodium chloride, and, after filter- 
ing, the solution is titrated with sodium hydroxide with methyl-rai 
as indicator; the method is inapplicable in the presence of albumin. 

For the gravimetric estimation of alkaloids with phosphotungstic 
acid, the latter is used in O'Ol.V-solution, the factor being deter- 
mined as above f.om the weight of IIPO 3 .I 2 WO,- obtained after 
incineration. With quinine, cinchonine, sparteine, and nicotine, 
the ratio P : alkaloid - 2 : 3, the formula of the compound being 
2[P(W 2 0 7 ) 6 ]II 7 ,3B; this composition is constant when the pre- 
cipitation is effected in the presence of less than 1 % of hydro- 
chloric acid. With all other alkaloids, the ratio is 1 :3 at low con 
centrations of hydrochloric acid. This method is preferable to the 
silicotungstie acid method for aconitine and nicotine. 
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Small amounts of alkaloids can be estimated by means of the 
opalescence produced with silico- or phospho-tungstic acid. 

Chemical Abstracts. 

The Conductometric Titration of Alkaloids and their 
Salts. I. M. Kolthoff ( Zeitsch . anorg. Che m., 1920, 112, 
jiji- 208). — Alkaloids or their salts can be titrated with satis- 

factory accuracy by the conductometric method in very dilute 
solutions. The alkaloids themselves are titrated with acid; the 
conductivity rises steadily from the commencement of the titra- 
H 0 n and at the point where salt formation is complete, the rate 
of increase of conductivity suddenly augments. The alkaloid salts 
are titrated with alkali, and in these cases, also, the conductivity 
curve rises throughout the titration, with a sharp break at the 
neutral point. Tn the case of a basic salt, such as quinine hydro- 
chloride, in which the second dissociation constant is not too small, 
the acid content can bo determined by titration with alkali and 
the alkaloid by means of acid. Titrations of alkaloids or their 
salts with indicators, such as phenol- or thymol-phthalein for 
alkali and methyl-red or dimethyl-yellow for acid titration, 
generally give uncertain results, because a solvent, such as alcohol 
or chloroform, has to be used. For the conductometric titration 
of the alkaloid salts, no solvent need be used, but for the titration 
of the free alkaloids they are generally dissolved in 55% alcohol. 
The alkaloid salts examined included quinine hydrochloride, 
strychnine nitrate, cocaine and tropacocaine hydrochlorides, 
novocaine, atropine sulphate and morphine and ethylmorphine 
hydrochlorides. In the case of morphine hydrochloride, it was 
found best to titrate in 50% alcohol; no distinct break was found 
in the conductivity curve at the neutral point, but, on continuing 
the titration with alkali, morphinate formation was indicated by 
a very sharp break in the curve. The alkaloid bases examined 
included quinine, hydrastine, codeine, morphine, nicotine, theo- 
bromine, and caffeine. The last is a very weak acid with a dis- 
sociation constant less than 10" 14 , whilst lhal of theobromine is 
about 10- ,n . Accordingly, it was found that theobromine could 
be exactly estimated in a mixture with caffeine by dissolving in 
alkali and titrating back with acid. The break in the conductivity 
curve was quite distinct. E. ^ 

Estimation of Cystine. V. Okcda (J. Coll. .igr. Imp. C'mt'. 
Tokyo. 1919, 7, 69— 70).— The cystine should be present in a solu- 
tion with a volume of 10 c.c. and containing from 5 to 10% of 
hydrochloric or sulphuric acid- To this solution are added 10 c.c. 
of 20% sodium bromide solution. The cystine is now titrated \ut.n 
O'OoA-sodium bromate. taking as the end-point a faint yellow 
colour which remains for one minute; 1 c.c. of the bromate solu- 
tion equals 0 00721 gram of cystine. The cystine is oxidised to 
evsteic acid by bromine, which is formed by the reaction between. 
- .. ' 
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the bromide aud bromate in the acid solution; 1 mol. of cystine 
requires 10 atoms of bromine in this oxidation. Of the amino- 
acids, other than cystine, which are precipitated bv phosphotungsti c 
acid, only histidine absorbs bromine; however, the velocity of the 
reaction between cystine and bromine is so much greater than that 
of the reaction between histidine and bromine that the presence 
of histidine does not influence the titration of cystine, provided the 
titration be stopped when the solution becomes faintly yellow, and 
the colour remains constant for one minute. Even as small an 
amount of cystine as a few mg. may be accurately estimated by 
this method; the result is not influenced by the concentration of 
either the cystine or the acid. If a solution contains both cystine 
and tyrosine, the latter will react with 2 atoms of bromine. The 
titration is made as usual ; the cystine is oxidised and estimated 
as barium sulphate, and the tyrosine is calculated, or the tyrosine 
is estimated colorimetrically, and the cystine is calculated. This 
procedure may be applied in analysis of the cleavage products of 
proteins. Chemical Abstracts, 

Estimation of Morphine in Opium. Axel Jermstad (Her. 
Dent, jikarm. Ges., 1920, 30, 398 — 402). — The following modifi- 
cation of the Helfenberger method is recommended : 6 grams of 
the powdered opium are ground with 6 grams of water, the mixture 
is rinsed into a flask, and water is added to make the total weight 
54 grams. After thirty minutes, the mixture is filtered, 40 grams 
of the filtrate are treated with 2 grams of ammonia solution 
(17 grams of ammonia and 83 grams of water), filtered, and 
36 grams of this filtrate are shaken for ten minutes in a flask 
with 7 grams of ether and 4 grains of ammonia; 10 c.c. of ether 
are then added, and, after thirty minutes, the ethereal solution is 
poured through a small filter. The crystals in the flask are washed 
with 10 c.c. of ether, then with three successive quantities of 5 c.c. 
of water saturated with ether, and dried at 100°. The crystals 
are then dissolved in 25 c.c. of A/10-hydrochloric acid, 75 c.c. 
of water are added, and the excess of acid is titrated with S j 10- 
sodium hydroxide solution, using methyi-red as indicator. One c.c. 
of y 1 10-acid is equivalent to 0 0285 gram of anhydrous morphine. 

W. P. S. 

New Method for the Estimation of the Total Minor 
Alkaloids, of Narcotine, and of Papaverine in Opium 
Preparations of the Type of Pantopon. E. Anneler (4 reft, 
Pharm., 1920, 2511, 130—137. Compare A., 1912, ii, 818).— The 
following process for the estimation of the total minor alkaloids 
(with the exception of narceine) is recommended. The mixture 
of hydrochlorides (1’5 grams) is dissolved by warming in water 
(8 c.c.), and pure benzene (90 grams) is added. Powdered sodium 
carbonate (0'5 gram) is gradually added with shaking, and the 
mixture is allowed to remain for half an hour, with frequent 
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rigorous agitation. Water is absorbed by the addition of 
anhydrous sodium sulphate (5 grams), followed by agitation during 
£ve minutes, and further addition of tragacanth powder (O'ogram). 
After thirty minutes, the benzene solution is rapidly filtered, and 
80 grams of it (or other aliquot portion) are evaporated to’ dry- 
ness- in a fared flask on the steam-bath. The residue is dissolved 
in a few c.c. of warm alcohol, the solvent is removed, and the 
residue weighed after being dried for half an hour in the steam- 
oven. The results agree with those obtained by the method of 
Jlannich and Schwede, to which the empirical correction of 1’5% 
has been made. 

Narcotine and papaverine are estimated in the minor alkaloids 
in the following manner. The minor alkaloids (obtained in the 
process outlined above) are dissolved in benzene (6 c.c.), the solu- 
tion is treated with 1 c.c. of alcoholic potassium hydroxide solution 
(1 c.c. =0-14 — 016 gram KOH), and the mixture is allowed to 
remain at the ordinary temperature, with frequent shaking, during 
half an hour. It is then poured into a separating funnel (100 c.c.), 
the flask is rinsed with three portions of benzene (each 10 c.c.), 
and subsequently three times with aqueous sodium hydroxide 
solution (2%; 7 c.c. each time), and the solution is well shaken 
in the separator. The aqueous solution is run into a second 
separating funnel, and the benzene solution is twice washed with 
sodium hydroxide solution (10 c.c. each time). The combined 
aqueous extracts are shaken with three portions of chloroform 
(5 c.c.) and run into a beaker, where, after being neutralised with 
hydrochloric acid, they are diluted to 100 c.c. Concentrated 
hydrochloric acid (36%; 3 c.c.) is added, and the solution is heated 
for twenty minutes at 80 — 90°, immediately cooled, and poured 
into a separating funnel; after addition of an excess of sodium 
carbonate solution, the narcotine is extracted with benzene 
(20+10 + 10 + 5 c.c.) or chloroform. The extract is dried with a 
little tragacanth powder and filtered into a weighed flask, and 
evaporated to dryness on the water-bath ; the residue is again dis- 
solved in a little warm alcohol, the solvent is removed, and the 
residue dried and weighed. 

The benzene solution remaining in the separating funnel (see 
above) is filtered into a flask and evaporated to dryness, the chloro- 
form extract being similarly treated in the same flask. The 
residue is dissolved in a mixture of water (10 c.c.) and hydrochloric 
acid (10%; 1 c.c.), the solution is filtered into a small beaker, and 
the filter paper thrice washed with water (5 c.c.). Ammonia 
solution (2%) is cautiously added unlit a faint, permanent turbidity 
results, followed by solid sodium acetate (2 grams). The mixture 
is allowed to remain for twenty-four hours, with frequent stirring 
and rubbing of the walls of the beaker, whereby the papaverine 
is precipitated as a glassy or powdery mass. The mother liquor is 
passed through a small filter, which is subsequently washed three 
times with water (5 c.e.). The paper is returned to the beaker, 
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and, after both have been dried, the papaverine is dissolved in 
warm alcohol. The solution is filtered into a weighed flask, the 
solvent is removed, and the residue is weighed after being dried 
during an hour at 98°. 

The method is applied to opium powder in the following manner 
The powder (6*66 grams) is frequently shaken in a corked flask 
during three hours with a mixture of water (115 c.c.) and hydro- 
chloric acid (10%; 5 c.c.), and the paste is then filtered by means cf 
a suction pump. 102 C.c. of the filtrate (=5’55 grams of opium 
powder) are rendered alkaline by the addition of sodium carbonate 
solution (10%; 23 c.c.), and extracted with chloroform (20 + 10- 
10-}- 10 c.c.). The extract is dried with a little tragacanth powder, 
filtered, and evaporated to dryness after addition of alcohol (5 c.c.). 
The residue is dissolved in hydrochloric acid (1% ; 8 — 10 c.c.), the 
solution is agitated with benzene (100 c.c.) and sodium carbonate 
(1 gram) during fifteen minutes, and the estimation is completed 
as with pantopon. H. \V. 

Proteinogenous Amines. VII. Colorimetric Estimation 
of Histidine in Protein and Protein containing Matter. 

Milton T. Hanke and Karl K. Koessler (.7. Biol. Chem.> 1920, 
43, 527- -542). — The method is stated to be simple, rapid, and 
direct, but may be no more accurate than those described bv 
Kossel and Kutscher and by Van Slyke. 

The material is hydrolysed by boiling with hydrochloric acid, 
and the acid and any volatile phenols removed by vacuum dis- 
tillation. Ammonia and humin are removed by treatment with 
lime, and the solution divided into two fractions by means of 
phosphotungstic acid. The phosphotungstate precipitate is treated 
with water and sufficient 3„V-sodmm hydroxide to give a clear 
solution, which is then used for the colorimetric determination by 
the method previously described (Koessler and Ilanke, this vol, 
ii, 67). The method cannot be used for estimations on protein 
material that has undergone putrefactive changes, since histamine 
and tyramine arc precipitated by the phosphotungstic acid and 
give the colour reaction. J. C. D. 

The Separation of Histidine from Arginine. H. Kossel 
and S. Edlbaciier ( Zeitsch . Biol. Chem., 1920, 110 , 241 — 245. 
Compare A., 1907, i, 107). — The presence of arginine is not 
necessary in order l .o effect the precipitation of histidine. 

S. S. Z. 

Proteinogenous Amines. VIII. Colorimetric Estima- 
tion of Histamine in Protein and Protein-containing Matter. 

Milton T. Hanke and Karl K. Koessler (-7. Biol. Chem., 1920, 
43, 543 — 556). — A dry solid is hydrolysed directly with 20% 
hydrochloric acid for thirty hours. When the material contains 
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water, a must first be treated with alcohol until the concentration 
„f this solvent is 75%. The mixture is then made faintly acid 
with acetic acid, and the proteins are coagulated by heating on the 
water-bath for one or two hours. The mixture is cooled and 
filtered, and the alcohol removed from each fraction by evaporation. 
The dry material is employed for hydrolysis. After the hydrolysis 
is completed, the hydrochloric acid is removed by vacuum evapor- 
ation at 60°, and the residue is dried at 80° for one hour. 

Ammonia is removed hy another vacuum distillation after an 
excess of lime and dilute alcohol have been added, and by filtration 
of the fluid after the ammonia has been removed, the luunin matter 
I is also separated. 

| The alkaline filtrate is acidified with hydrochloric acid, and basic 
substances precipitated with phospholungstic acid. This pre- 
cipitate. which contains the proleinogenous amines as well as the 
dibasic amino acids, is well washed and decomposed with hot 
saturated solution of barium hydroxide. After removal of the 
excess of barium from the filtrate by sulphuric acid, the liquid is 
evaporated to dryness and dissolved in a very small quantity of 
water, and made up to known volume. The histamine is extracted 
from an aliquot- portion of this liquid by making stronglv alkaline 
with solid sodium hydroxide and extracting with amyl alcohol 
several times. The combined amyl alcohol extracts are washed 
several times with normal sulphuric acid, and the acid fractions 
neutralised with barium hydroxide while warm. The filtrate from 
the barium sulphate contains all the histamine, but may also con- 
tain traces of histidine. A re extraction with amyl alcohol after 
making alkaline with sodium hydroxide is necessary to separate 
these two substances entirely. From the histamine fraction the 
histamine is precipitated by silver nitrate and baryta, and the 
resulting silver compound decomposed by means of hydrochloric 
acid. The final histamine fraction is then estimated colorimetric- 
ally, as described in a previous paper (this vol., ii, 67). Quantities 
as small as OT mg. of histamine can be accurately determined by 
this method, even in the presence of protein substances. No 
evidence of the presence of histamine in easeinogen could be 
detected by this method, but this protein may contain a substance 
which possesses a similar depressor action when tested by 
physiological methods. 

Histamine was not found present in 75 c.c. of human blood 
serum. J. C. I). 

Use of Ethyl Acetate as a Precipitating Reagent for 
Proteins. A. Marie (Bull. Sci. Pharmacol., 1920,27, 135 — 136; 
from Chem. Zentr., 1970, iv, 315. Compare this vol.. ii, 398). — 
The detection of protein by the turbidity which results when its 
aqueous solution is covered with a layer of ethyl acetate is more 
readily effected in this manner than with any other organic solvent 
which is soluble in water. IT- W. 
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The Influence of Tyrosine and Tryptophan on tin 
Coloration of the Two Phases of the Xanthoproteic 
Reaction. Carl Th. Morner ( Zeitsch . physiol. Ghem., 1919 
107, 203 — 210). — The intensity of the coloration produced W 
tyrosine and tryptophan in the acid phase (phase a) and in the 
alkaline phase (phase 6) in the xanthoproteic reaction was 
estimated quantitatively against standard solutions of normal 
potassium chromate and dichromate and a mixture of dichromate 
and permanganate. The results showed that, in phase a, trypto- 
plian reacted three times as intensely as tyrosine; in phase J, 
on the other hand, tyrosine yielded a coloration five times as intense 
as that caused by tryptophan; in other words, tryptophan acts 
three times as intensely in phase b as in phase a , whilst the color- 
ation yielded by tyrosine in phase b is forty-five times as strong 
as that yielded by it in phase a. S. S. Z. 

Some Biochemical Colour Tests. II. The Adam- 
kiewicz Protein Reaction. The Mechanism of the 
Hopkins-Cole Test for Tryptophan. A New Colour 
Test for Glyoxylic Acid. Wilmam Robert Ff.arox (Biochew.. J„ 
1920, 14, 548 — 563. Compare A., 1918, ii, 462). — On wanning 
with 1% pyrogallol in sulphuric acid, glyoxylic acid gives a deep 
blue colour, changing to carmine when the liquid is diluted with 
water; it is restored when an excess of sulphuric acid is again 
added. The blue colour is not given by oxalic acid or by any of 
its simple derivatives, which do not give rise to glyoxylic acid 
under the conditions of the test. With the aliphatic aldehydes, a 
red colour is given. An intermediate shade of purple is given by 
formaldehyde in the presence of glyoxylic acid, and the test is of 
value in the detection of aldehydes in ether. Syrupy phosphoric 
acid may also be used in place of sulphuric. The chemistry of 
the test has not been completely investigated. The coloured con- 
densation products are probably hydroxy-derivatives of xanthen. 
On applying this reagent to solutions of formaldehyde in sulphuric 
acid in the presence of oxidising agents, under conditions of the 
Rosenheim test (A., 1906, ii, 508), no evidence of the formation 
of glyoxylic acid was obtained. This supports the view expressed 
by Rosenheim that the test depends on formaldehyde. It appears 
probable, however, that both formaldehyde and glyoxylic acid form 
coloured derivatives with tryptophan. 

Sulphuric acid is not a good condensing agent for these tests, 
and use was made of glacial acetic acid saturated with hydrogen 
chloride or phosphoric acid. For production of a coloured 
condensation product, however, an oxidising agent, such as 
hydrogen peroxide, is necessary. The separation of the condensa- 
tion products was found to be difficult, but was attained by frac- 
tional precipitation with pure ether. 

A number of condensation products have been prepared. The 
leuco-compounds are somewhat unstable, readily being oxidised to 
the coloured complexes. 
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As precipitated, the pigments are all hydrochlorides of nearly 
•olourless bases. The free pigments are amorphous, deeply 
coloured powders showing melting points in the region of 300°. 

The following compounds are described : icatole-formaldehydc- 
red, C 19 flijN 2 X; scatole-glyoxylic-red , CajHjjNjX ; scatole-bem- 
dithyie-furple, C 25 H a ,N s X. Similar condensation products of 
tryptophan with formaldehyde, glyoxylic acid, and benzaloehyde 
jre described. Brief reference is made to condensation products 
0 f carbazole and aldehydes. The formation of these pigments 
constitutes a good test for carbazole. Salieylaldebyde is recom- 
mended aSa useful qualitative reagent for indole derivatives. 

J. C. D. 

Detection of Albumin in Urine. Wilhelm Kado 
(Qyo/jyaszat, 6, 66 — 67 ; from Chem. Zentr., 1920, iv, 400). — 
The test is applied by I he addition of sulphuric acid (5% ; about 
1 o.c.) aud sodium nitroprusside solution (eight to ten drops) to 
the filtered urine (5 — 10 c.c.) ; in sensitiveness and clinical applica- 
bility, the test is equal to Boedeker’s method with potassium ferro 
cyanide and acetic acid. H. W. 

Estimation of Albumin in Urine by means of Anfrecht’s 
and Esbach’s Albuminimeters. Bruno Wiknss (Miami 
lentr.-h., 1920, 61, 536 — 537). — Comparative estimations showed 
that the results obtained by the Aufrecht apparatus agreed closely 
with those found by the gravimetric method, whilst in every cast 
the Esbach results were too high. W. P. S. 

Gravimetric Estimation of Albumin in Urine. G. P£guriki 
(Ann. Chim. anal., 1920, [ii], 2, 332— 335).— The estimation oi 
albumin in urine may be accelerated by combining the method ol 
heating with Mehu’s method of precipitation with phenol. Fo) 
this purpose, a modified reagent, consisting of 10 grams of colour 
less, crystallised phenol, 10 grams of powdered citric acid, anti 
20 grams of 95% alcohol, is used. The urine is rendered distinctly 
acid to turmeric by means of acetic acid, and filtered, and 50 c.c. 
of the filtrate heated to incipient boiling, left for a few minutes, 
and then treated with 5 c.c. of the reagent and the flask shaken 
with a rotatory movement. As soon as the precipitate is coagu- 
lated, the liquid is filtered through counterpoised filter papers, and 
the precipitate washed first with boiling water and finally with -. 
ipixture of alcohol and ether, and dried at 100° until constant in 
weight. C. A. Jt. 

Action of Hydrogen Peroxide on Flours. Marion (Compt. 
rend., 1920, 171, 804,,— 806).— The amount of catalase difiers from 
one sample of flour to another. It is most prevalent in milling 
offals and least in high-grade flour. Measurement of the amoum 
of decomposition of a definite volume of hydrogen peroxide by a 
given weight of flour in a given time gives a means of determining 
the percentage of extraction of the flour. W. G. 
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^67— -969). — For the test, 0-02 c.c. of the blood is delated with* 
'20 c.c. of water, and 1 e.c. of this solution is used for ettja test. Tip” 
citalase activity is measured by the amount of hydrogen peroxtde 
decomposed under given conditions and the peroxydase activity 
py the amount of guaiacol oxidised in the presence of hyd.ogp,, 
'peroxide as compared with the effect fr.-ni 1 c.e. of the diluted ' 
blojsi, previously boiled. This estimation is colorimetric. Fij? th f 
, measurement of the esterase activity, advantage is laken*ijf the fact 
that phenolic esters are not oxidised by the system fieroxydase- 
h/drogeu peroxide, whereas free phenols are readily oxidised. 

f* W. G. 

Biological Methods for the' Estimation, of Substances 
which Injure the Cell and its Reproducing Capacity. 
1. Optochin. A* prf.d douNAfier. (Biochem. Zeitsch., 1920, 108 - 
258 — 279). — Dilutions of optochin of one in several millions 
can be estimated by utilising its action on the reduction of 
methylene-blue by Pneumococci. The greatest dilutions can lie 
estimated at lie ordinary temperature, but more exact results are 
obtained at»a temperature of 37°. The concentrations of optochin 
solutions which can be estimated are also influenced by the number 
of bacteria and the duration of action. S. S. Z. 

Measurement of the Lachrymatory Power of Irritant 
Substances by the “Sill” Method. Charles Dcfraissi 
and Jacques Ch. Bonc.rand (Vompt. rend., 1920, 171, 817—819). 
— The method consists in determining the concentration ■ of the' 
substance required in an atmosphere just to produce the first 
irritant sensation on the eyes at the end of thirty seconds' ex- 
posure. Beuzyl bromide was taken as the standard. By this 
method, the lachrymatory power was independent of the observer, 
although the actual concentration for the gases might vary in the 
tame proportion from one observer to another. W. G. 

The Properties of Lachrymatory Substances and the 
Measure of their Activity. Gabeiel Bektband ( Compt . rml.f 
1920, 171, 965 — 967).— It is shown (hat the minimum conoentra- . 
tion of a lachrymatory substance which is. perceptible depends, noj 
only on the observer, but on the duration of the exposure. \Vnn 
some substances the effect is immediate, and increases but little in 
intensity w^h time, whilst with others there is marked iperease^n 
intensity with the time. In consequence, i hv method of Dufraisse 
and Bongrand (preceding abstract) does not give a correct com- 
parison between different lachrymatory substances. W. G- 
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Acetylacetones, metallic (Morgan aDd 
Drew), 1456. 

Acid chlorides, preparation of, by means 
0 f a/3-dichlorovinyl ethyl ether 
(Crompton and Vasderstichele), 

m. 

Address, presidential (Dobrie), 430. 
Affinity, residual, and co-ordination 
(Morgan and Drew), 1456. j 

Alcohols of the hydroaromatic and J 
terpeiic series (Pickard, Hunter, | 
Lf.wcook and Penn ington), 1218. | 

Aldehydes, condensation of, with cyano- ; 

acetamide (Day and Thorpe), 1465. _ j 
Alicyclic compounds, formation and ■ 
stability of (Beksley and Thorpe), 
591. 

Alkaloids, determination of the relative 
strengths of (Arnam-)» 835. 

Alkyl iodides, velocity of reaction between 
sodium fl-naphthoxide and (Cox), 493. 
AlkylarylamineB, intramolecular re- 
arrangements of (Reilly and Hickin- 
bottom), 103. 

/?- Alkyl thiocarbamides, chloroacetates of 

(Taylor), 4. 

Aluminic acid. See under Aluminium. 
Aluminium, electroaffinity of (Hey- 
roysky), 11, 1013. 
chloride, ionisation and hydrolysis of 

(Heyrovsky), 11. 

Aluminic acid, acidity and constitution 
of (Heyrovsky), 1013. 

Aluminium electrcde. Sec Electrode. 
Amines, action of, on trinitrophcnyl- 
methylnitroamine (James, Joses 
and Lewis), 1273. 
aromatic, determination of the, relative 
strengths of (Arnall), 835. 
condensation of, with a- and £- 
diketones, and with 4:4'-diacetyl- 
diphenyl (Ferriss and Turner), 
1140. 


Ammines, complex metallic (Pricf.), 
8C0 ; (Price and Duff), 1071. 

Annual General Meeting, 416. 

Apigenin t.riethyl ether, C 21 Hj.,0 5 . 

Aromatic compounds, introduction of 
the oh loro methyl group into the 
nucleus of (Stephen, Short and 
Gladding), 510. 

Arsenic fmulphide, coagulation of 
hydrosol s of (Mukherjee), 350. 

Arsenic organic compounds (McKenzie 
and Wood), 406 ; (Morgan and Vin- 
iso), 777 ; (Burrows and Turner), 
1373 ; (1’ope and Turner), 1447. 
Arsinic acids derived from guaiacol 
and veratrole (Fargiier), 865. 
Arylazoglyoxalines, orientation of 
| (Fargiier), 668. 

! Asymmetry, e fleet of, ou crystal structure 
I (Barker and Porter), 1303. 
Atmospheric air, ignition of mixtures of 
methane and (Mason and Wheeler), 
36, 1227 ; (Wheeler), 903. 

Atomic weights, report of the Inter- 
national Committee on, 885. 
table of, 888. 

; Azonium compounds, substituted quater* 

: nary, containing an asymmetric 

1 nitrogen atom (Singh), 1202. 

i Azopyrazolones (Saunders), 1264. 

! 

B. 

Balance sheets of the Chemical Society 
and of the Research Fund. See 
Annual General Meeting, 416. 

; Barium chloride, electrical conductivity 
j of, in mixtures of pyridine and water 
: (Ghosii), 1390. 

Benzalizarin, C^H^O,. 

Benzanthrone, C i; H lfl O. 

Benzene derivatives, isomeric, influence 
: of position on the boiling points of 

i (Sidgwick), 389. 

i nucleus, influence of nitro-groups on 
| the reactivity of substituents in the 

| (Kenner aucl Parkin), 852. 
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Bismuth peroxides (Wohsley and 
Robertson), 63. 

estimation of, in organic compounds 
(Challenger and Goddard), 773 

Bismuth organic compounds (Chal- 
lenger and Goddard), 762. 

Boiling points, constant, of certain 
mixed liquids (Atkins), 218. 
of isomeric benzene derivatives, in- 
fluence of position on (Sidgwick), 
389. 

Boranilides, synthesis of (Chaudhuri), 
1081. 

Bromine, replacement of uitro-groups 
by (Diiar), 993. 

vapour, permeability of glass to 
(Firth), 1602. 

water, solubility of potassium bromide 
in (Joseph), 377. 

Hydrobromic acid, electrolysis of, in 
liquid sulphur dioxide (Bagster 
and Cooling), 693. 

Bronzes, ancient Eastern, composition 
of (Chikashiuk), 917. 


C. 

Calcium oxide (lime), action of, on nitric 
esters (Lowry, Browning and 
Farmery), 552. 

Camphane series, studies in (Forster 
and Saville), 753. 

Camphoroxalic acid, C 12 H lfi 0 4 . 

Carbamidea. constitution of (Werner), 
1046, 1078; (Werner and Fea ron), 
1356. 

thio-. See Thiorarbamides. 

Carbazoln-blue, C 3S H 25 0. 2 N 3 . 

Carbazole- violet, C^lI^OoNy. 

Carboalkyloxythiocarbamides (Dixon 
and Kennedy), 80. * 

Carbohydrates, structure of (Arm- 
strong and Hilditch), 1086. 

Carbon rfioxide, pure, preparation of 
(Farmer), 1446. 

d-Carene, C 10 H lfi . 

tnms-Caronic acid, C 7 H lrt 0 4 . 

Castor oil, viscosity of (Gibson and 
Jacobs), 477. 

Catalysis, studies in (Lr -ns), 623; (Jones 
and Lewis), 1120. 

by infra-red radiation in the hydrolysis 
of esters (Rideal and Hawkins), 
1288. 

Catalytic hydrogenation (Lewis), 623 

Catechin, C 15 H 14 0 6 . 

Cellulose, viscosity of solutions of 
(Gibson), 479 ; (Gibson, Spencer 
and McCall), 484. 

conversion of, into glucose (Irvine 
and Soutar), 1489. 


Cellulose ^nitrate (nUrocellnhsA 
viscosity of solutions of, ^ 
acetone and water (Mapsox and 
McCall), 819. * a 

estimation of nitrogen in (BeckettI 
220 . } ' 
Charcoal from sugar, absorption of 
sulphur dioxide by (Winter anri 
Baker), 319. 

wood, activation of, by beat (Philip 
Dunnill and Workman), 362. ’ 

Chemical constitution and optical rota- 
tion (B. K. and D. Singh, Dutt and 
G. Singh), 980; (B. K. and M.SingdI 
1599. 

Chlorine, action of methane with, under 
the influence of light (Whiston), 183. 
Cbroman series, studies in the (Green. 

wood and Nierenstein), 1594. 
Coagulation of hydrosols (Mukhebjee) 
350; (Mukhekjf.e and Papacon- 
stantinou), 1563. 

Coal, composition of (Tideswelt, and 
Wheeler), 794. 

constituents of, and their behaviour 
on coking (Lessing), 247. 
mineral constituents of (Lessing), 256, 
transition from, to coke (Sinkinson), 
839. 

action of, on a photographic plate 
(Sinkinson), 165. 

Cobalt bases ( cobaltammincs ), complex 
(Price), 860 ; (Price and Duff), 
1071. 

Coke, transition from coal to (Siskin- 
son), 839. 

Colouring matters, yellow sulphide 
(Mazumdrr and Watson), 830. 
spiro- Compounds, formation and stability 
of (Becker and Thorpe), 1579. 
Coumaranone series, studies in (Higgin- 
botham and Stephen), 1534. 

Crystal structure, effect of asymmetry 
on (Barker and Porter), 1303. 
Cyanine colouring matters (Mills and 
Wishart), 579; (MrLLS and Evans), 
1035 ; (Mills and Hamer), 1550. 
woCyanines, constitution of (Mills and 
Wishart), 579. 


D. 

Dicyauo diamide, C 2 H 4 N 4 . 

Dihydronaphthalene series, studies ia 
the (Rowe and Levin), 1575. 

a- and 0-Diketones, condensation of, 
with aromatic amines (Ferfjss and 
Turner), 1140. 

Dimetbylfluoran, C, 2 H 16 0 3 . 

Dimethyl inulin (Irvine and SteeleI, 
1483. 
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nii&ech&ridei, constitution of (Ha- 
worth). 199. 

Distillation in steam (Sidgwick), 306. 


E. 

Electrical conductivity of salts in the 
solid and fused states (Ghosh), 823. 
Electrode, aluminium (Heyrovbky), 
27 . 

Emil Fischer Memorial Lecture (For- 
ster), 1157. 

Emulsions, studies in (Bhatnagar). 
542. 

£ t terB, catalytic hydrolysis of, by infra- 
red radiation (Rideal and Haw- 
kins), 1288. 

optically active, hydrolysis of 
(McKenzie and Wren), 680. 
luxanthone diethyl ether, C 1: H 1# 0 4 . 
Explosives, high, velocity of decom- 
position of, in a vacuum (Farmer), 
1432, 1603. 


F. 

0-Ferri- and -Ferro -cyanides (Briggs), 
1026. 

Flame, propagation of, in mixtures of 
methane and air {Mason and 
Wheeler), 36, 1227; (Wheeler), 
903. 

in mixtures of methane, oxygen , 
and nitrogen (Payman), 48. | 

Iluorans (Copisarow), 209. 

Fluorite. See Fluorspar. 

Fluorspar, blue and red, colouring I 
matters of (Garnett), 620. . ; 

Friedel and Crafts' reaction, modifica- 
tion and extension of (Ray), 1335. 

G. 

Gallic acid derivatives (Alimchandani 
and Mkldrum), 964. 

Gases, ignition of mixtures of (Mason 
ami Wheeler), 36, 1227 ; (Payman), 
48 ; (Wheeler), 903. 

Gelatin, periodic precipitation of silver 
chromate in (Williams and Mac- 
kenzie), 844. 

Gels, periodic precipitation in (Williams 
and Mackenzie), 844, 

Glass, permeability of, to bromine and 
iodine vapours (Firth), 1602. 

Glyoxalines, sulphonation of (Pyman 
and Rayald), 1429. 

Ritro-, orientation of (Fargher), 668. 

Gold liydrosols, coagulation of, by 
electrolytes (Mukherjee and PAr.A- 
CONSTANTINOU), 1563. 


Gold alloys with silver, action of aqua 
regia on, in presence of ammonium 
salts (I’ollard), 99. 

Grignard reagents, action of, on 
aromatic nitro-compounds (Hep- 
worth), 1004. 

Guanidine, OH s N s . 

H. 

Halogenation (Diiar), 903. 

Halogenhydrins, preparation of (Read 
and Williams), 359. 

Hclinus oval us, constituents of the 
leaves of (Goodson), 140. 

Helium, production and uses of (Mc- 
Lennan), 923. 

Hoesch reaction, mechanism of 
(Stephen), 1529. 

Homocamphor, C u H ls O. 

Hydantoins, m>thio-, acyl derivatives 
of (Dixon and Kennedy), 74. 

Hydrazine, compounds of metallic thio- 
cyanates with (Ray and Sarkar), 
321. 

Hydrocarbons, nnsaturated, action of 
nitric acid on (Orton ami McKie), 
283. 

Hydrogen, occlusion of, by metals 
(Lewis), 623. 

absorption of, by pilladium (Firth), 
171. 

influence of hydrogen sulphide 
on (M anted), 1280. 
sulphide, generator for (Steele and 
Denham), 527. 

Hydrosols, coagulation of (Mukherjee), 
350; (Mukherjee ami Papacon- 
SfANTINOU), 1563. 

Hyman cho qlobiM, constituents of 
(Henry), 1619. 

Hyenanchin, C 15 lf 1B 0 7 . 

HypophoBphorous acid. See under 
Phosphorus. 


I. 

Ignition of mixtures of methane and 
air (Mason and Wheeler), 36, 
1227 ; (Wheeler), 903. 
of mixtures of methane, oxygen and 
nitrogen (Payman), 48. 

Imino-compounds, formation and re- 
actions of (Day and Thorpe), 1465. 

Inulin, relationship of, to fructose 
(Irvine and Steele), 1474. 

Iodine, catalytic action of, in sulphona- 
tion (Ray and Dey), 1405. 
vapour, permeability of glxss to 
(Firth), 1602. 

Iodo-componnds, organic, preparation of 
(James, Kenner and Stubbings), 773. 
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Iron chlorides, action of sulphur di- 
oxide on (Wardlaw and Clews), 
1094. 

phosphates, action of sulphur dioxide 
on (Wardlaw, Carter and Clews), 
1241. 

L. 

Lectures, delivered before the Chemical 
Society (Walker), 382; (McLennan), 
923 ; (Forster), 1157. 

Liquids, mixed, with constant boiling 
points (Atkins), 218. 

^-Longifolene, C I5 H 24 . 

Luteolin tetraethyl ether, 

M. 

Memorial lecture, Emil Fischer (Fors- 
ter), 1157. 

Metallic salts, electrical conductivity of, 
in solid and fused states (Ghosh), 
823. 

action of mercuric cyanide on 
(Gupta), 67. 

sulphides, coagulation of hydrosols of 
(Mukher.iee), 350. 

MetalB, contact potentials and dielectric 
capacities of (Lewis), 623. 

Methyl orange, C 14 H 15 0 3 N 3 S. 

Morinda cUrijolia , constituents of 
(Simonren), 561. 

Myricetin hexaethyl ether, C 27 H =1 0 8 . 

N. 

Naphtbafluoran, C i8 H 16 0 iV 
a - N aphthoph thal ein , CjgHieOj. 
o-Nitroamines, conversion of, into 'iso- 
oxadiazole oxides (Rowe and Davies), 
1344. 

Nitro-compounds, aromatic, action of 
Grignaid reagents on (Hepworth), 
1004. 

Nitrogen industry with reference to the 
war (Dobbif.), 430. 

propagation of flame in mixtures of 
methane, oxygen and (Patman), 48. 
oxides, recovery of (Walker), 382. 
estimation of, in nitrates (Beckett), 
220 . 

Nitric acid, maniificture of, in the 
war (Walker), 382. 
action of, on unsaturated hydro- 
carbons (Orton and McKie), 283. 
esters, decomposition of (Farmer), 
806. 

action of lime on (Lowry, 
Browning and Farmery), 552. 
Nitrates, inorganic and organic, esti- 
mation of nitrogen in (Beckett), 
220 . 


Nitro-groupi, replacement of, by bom 
ine (Dhar), 993. 

Nomenclature of associated ring coil 
pounds (Bef.sley and Thorpe), fi 9 i ' 

0 . 

Obituary notices 

Sir William Crookes, 444, 

Thomas Fairley, 454. 

Walter William Fisher, 456, 

Antoine Paul Nicolas Franchimont 
457. 

Harold Cecil Greenwood, 462. 

Charles Edward Groves, 461. 
Augustus George Vernon Harconrt 
1626. 

John Holmes, 466. 

Lucius Trant O’Shea, 1631. 

Sir Boverton Redwood, Bart,, 467. 
James Emerson Reynolds, 1633. 
Watson Smith, 1637. 

John Chatles Urnncy, 470. 

Alfred Werner, 1639. 

Oleic acid, Cj,H 34 0 2 . 

Optical rotation and chemical consti- 
tution (B. It. and D. Singh, Butt, 
and G. Singh), 980 ; (B. Tv. aod >l’ 
Singh), 1599. 

GwOxadiazole oxides, preparation of, from 
o-nitroamines (Rowe and Davies'! 
1344. 

Oximes, isomerism of (Wentworth and 
Brady), 1040. 

Oximino-compounds, preparation of 
(Slater), 587. 

Oxygen, propagation of flame in mixtures 
of methane, nitrogen and (Paymas), 
48. 

P. 

Palladium, absorption of hydrogen by 
(Firth), 171. 

influence of hydrogen sulphide ou 
(Maxted), 1280. 

rficycfoPentane derivatives (Farmer and 
Jngold), 1362. 

cycZoPentene derivatives (Farmer and 
Ingold), 1362. 

Phenolphthalein, C 20 H 14 O 4 . 
Phloroacetophenone, C # H*0 4 . 
Phosphorus : — 

Hypophosphorous acid, studies on 
(Mitchell), 957, 1322. 
Photographic plates, action of coal on 
(Sinkinson), 165. 

Phthaleins (Cofmahow), 209. 
Phthalylhydrazides, isomeric (Chatta- 
WAY and TesH), 711. 

Pinacyanol, constitution of (Mills and 
Hamer), 1550. 
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Pinus longi/olia, constituents of Indian 
turpentine from (Si monsen), 570. 
Watinuni, influence of lead on the 
“ catalytic activity of (Maxted), 
1501. 

salts, hydrolysis of (Archibald), 1104. 
polycyclic compounds, chemistry of, in 
relation to their homocyclic unsatur- 
ated isomerides (Farmer and Ingold). 
1362. 

polysaccharides, constitution of (Irvine 
and Steele), 1474; (Irvine and 
Sootah), 1480. 

Potassium bromide, solubility of, in 
bromine water (Joseph), 877. 
chloride, electrical conductivity of, in 
mixtures of pyridine aud water 
(Ghosh), 1890. 

ferri- and ferro-cyauidoa (Billons), 
1030. 

platinichloride, hydrolysis of, under 
the influence of light (Archibald), 
1104. 

Precipitation, periodic, in gels (WiL- 
liams and Mackenzie), 844. 
i'soPalegol, C 10 H ls O. 


R. 

R&cemic acids, resolution of, by mcaus 
of optically active alcohols (Wren, 
Williams and Myddlkton), 191. 

Rays, infra-red, catalysis of hydrolysis 
of esters by (Rideal and Hawkins), 
1288. 

Ring formation, studies in (Fkr'riss and 
Turner), 1140. 


S- 

Salvarsan, commercial, composition of 
(Fakghkji and Pyman), 370. 

Selenium chloride, preparation of, and 
its reaction with ethylene (B Arson, 
Gibson and Pope), 1453. 

Selenium organic compounds (Morgan 
and Drew), 1456. 

Silver alloys with gold, action of aqua 
regia on, in presence of ammonium 
salts (Pollard), 99. 

Silver chromate, periodic precipitation 
of, in gelatin (Williams and Mac- 
kenzie), 844. 

Soap solutions, physical state of (Laing 
and McBaix), 1506. 
concentration of potassium and 
sodium ions in (Salmon), 530. 

Sodium chloride, electrical conductivity 
®2 iu mixtures of pyridine aud water 
(Ghosh), 1390. 


Sodium: — 

Disodium hydrogen phosphate, dec*- 
hydrate of (Hammiuk, Goadby and 
Booth), 1589. 

Sodium selenodithionate (Morgan and 
Drew), 1462. 

sulphates, action of alcohol on 
(Butler and Dunnicluf), 649, 
Suberic acid, C 8 H, 4 0 4 . 

Sulphide colouring matters, yellow 
(Mazumder and Watson), 830. 
Sulphonation, catalytic action of iodine 
in (IUy and Dey), 1405. 

Sulphur dioxide, absorption of, by 
heated sugar-charcoal (Winter 
and Baker), 319. 
solubility of, in sulphuric acid 
(Miles and Fenton), 59. 
oxidising properties of (Wabdlaw, 
# Carter and Clews), 1241. 
liquid, electrolysis of hydrobromio 
acid in (Bagster and Cooling), 
693. ' 

Surface tension of mixtures of water and 
alcohol (Firth), 268 . 

Syringic acid, 

T. 

Tellurium organic compounds (Vernon), 
86, 8S9 ; (Morgan and Drew), 1456. 
TerpeneB, chemistry of (Henderson 
and She atom), 144. 
l:4-TMuan, C 4 H,NS. 

ThiocarbamideB, acylation of (Dixon 
and Taylor), 720. 

Thiocyanates, compounds of, with 
hydrazine (Ray aud Saukau), 321. 
Trimethyl inulin (Irvine and Steele). 
1484. 

Turpentine, Indian, from Finns longi • 
folia (Si mon sen), 570. 

U. 

Unsaturated compounds, Iiomocyclie, 
chemistry of polycyclic compounds in 
relation to the isomeric (Farmer and 
Ixgold), 1362. 

V. 

Viscosimeter, the falling sphere (Gibson 
and Jacobs), 473, 

hydrogen capillary (Gibson, Spencer 
and McCall), 484. 

X. 

Xanthone, CiAO s . 

Xantkerrhm, resin from species of 
(Rennie, Cooke and Finlayson). 
338. 
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The following index of organic compounds of known empirical formula is arranJ^ 
according to Ricliter’s system (see Lexifcon der KohlcnstoJ- Verbindungen). 

The elements are given in the order C, H, 0, N, Cl, Br, I, F, S, P, and tha 
remainder alphabetically. 

The compounds are arranged— 

Firstly, in groups according to the number of carbon atoms (thus C : group, 
C._j group, etc.)* 

Secondly, according to the number of other elements besides carbon contained in 
the molecule (thus 5 IV indicates that the molecule contains live carbon atoms and 
four other elements). 

Thirdly, according to the nature of the elements present in the molecule (given in 
tho above order). 

Fourthly, according to the number of atoms of each single clement (except carbon) 
present in the molecule. 

Salts arc placed with the compounds from which they are derived. The chlorides, 
bromides, iodides, and cyanides of quaternary ammonium bases, however, are registered 
as group-substances. 


Ci Group. 

CHj Methane, ignition of mixtures of air and (Mason and Wheeler), 36, 322/ ; 
(Wheeler), 903 ; propagation of (lame in mixtures of oxygen, nitrogen, and 
(Pay man), 48 ; action of chlorine with, under the influence of light (Whiston), 
183. 

C0 2 Carbon dioxide, pure, preparation of (Farmer), 1446. 

1 II 

CHN Hydrocyanic acid, mercuric salt, action of, on metallic salts (Gum), 
67 ; nickel salt, preparation of (Gupta), 69. 

CH 3 C1 Methyl chloride, conversion of, into methyl alcohol and methyl 
acetate (WHISTON), 183. 

CH 4 0 Methyl alcohol, synthesis of, from methyl chloride (Whiston), 183. 

CH 5 N Metby lamine, preparation of, from ammonium methyl sulphate (I)enham 
and Knapp), 236. 

CH 5 N 3 G uanidiuc, preparation of (Wep.ner and Bell), 1133. 

C0 8 N 4 Tetranitromethane, preparation and properties of (Orton and McKie), 

’ 294 ; effect of reducing agents on, and a rapid method of its estimation 

(Baillie, Macbeth, and Maxwell), 880. 

1 III 

CHON Cyanic acid, constitution of, and the formation of urea from its 
interaction with ammonia (Werner and Fearon), 1356. 

CH0<iN 3 Nitroform, estimation of, with potassium permanganate (McKie), 646, 

CHNS Thiocyanic acid, metallic salts, compounds of hydrazine with (Ray 
and Sarkar), 321 ; ammonium salt, interaction of dicyanodiamide and 
(Werner and Bell), 1133. 

CH 3 O 0 N Methyl nitrite, preparation of (Slater), 588. 

ch 4 o“n 2 Carbamide, mechanism of the synthesis of (Werner), 1046; decom- 
position of (Werner), 1078. 

COC1, Carbonyl chloride, preparation and physical properties of (Atkinson, 
Heycock, and Pope), 1410. 

C 2 Group. 

C|H* Acetylene, action of nitric acid on (Orton and MoKie), 283. 

C|H 4 Ethylene, interaction of selenium chloride and (Bausok, Gibson, andPorfi), 
1453. 
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2 II 

* u b, Dicyanodiamide, interaction of ammonium thiocyanate and (Werner 
C ‘ U Bell), 1133. 

C®*I Ethyl iodide, preparation of (Hunt), 1592. 

« u q Ethyl alcohol, surface tension of mixtures of water and (Firth), 268; 
equilibrium in the system : benzene, water, and (Sidowick and Situ hell), 
1397 ; action of, on sodium sulphates (Butler and Dunnicliff), 649. 

C HeN* a-Amino-a-imiiioethane, and its salts (Fargher), 674. 

C HjTe Methyl telluride (Vernon), 892. 

2 III 

C H 0 Cl Chloroacetic acid, preparation of esters of, by means of afl-dichloro- 
! vinyl ethyl ether (Crompton and Vanderstichkle), 691. 

C H 5 0Ci Chlorom ethyl ether, syntheses by means of (Simonses'), 564. 

CHOBF Ethylenebromohydrin, preparation and characterisation oF (Read 
1 ‘snJ Hook], 1214. 

CHCljAS Ethyldichloroarsine (McKenzie and Wood), 407. 

C,H*0Te Dimethyltelluronium oxide, and its silver salt (Vernon), 94, 889. 

C HjOjTe D imethyl tell urone, preparation of (Vf.rnon), 894. 

C.H.CUT© Dimethyltelluronium dichlorides (Vernon), 98. 

C 2 HsBF a T8 Dimethyltelluronium dibromides (Vernon), 96. 

C,HJAs Dimethyliodoarsine, preparation of (Burrows and Turner), 1376. 
CjHjIJe Dimethyltelluronium di-iodides (Vernon), 90. 

C 2 H ; 0Nj Methylsemicarbazides, and their oxalates (Forster and Saville), 
759. 

C,H s 0Je Dimethyltelluronium dihydroxide (Vernon), S97. 

2 IV 

CjH 5 OCl 2 As Ethoxydichloioarsine (McKenzie and Wood), 406. 

C 3 Group. 

C:,H<0 4 Malonic acid, rate of decomposition of (His.shei.\vooi>), 156. 

C 3 H 5 N 3 Aminoglyoxaline, dipicrate of (Fargher), 673. 

C 3 H 6 0s Methyl acetate, synthesis of, from methyl chloride (Whiston), 188. 

3 III 

CjH,0N Cyanoacetamide, condensation of aldehydes with (Day and Thori-e), 
1465. 

C 3 H & 0 2 CI Ethyl chloroformate, action of pyridine and quinoline with 
(Hopkins), 278. 

C a H,ITe Triinethy ltelluronium iodide, preparation of (Vernon), 894. 

3 IV 

C^O-iN'S Glyoxalinesuiphonic acid, and its salts (Pyman and Ravald), 
1430. 

C 4 Group. 

C d H d 0 e r-Tartaric acid, resolution of, by means of 7-borneol (Wren, Williams, 
and Myddi.eton), 191. 

c 4 h 7 n, 4-Amino-5-methylglyoxalinc, and its salts (Farc her), 675. 

C 4 H s 0 u-Butaldehyde, condensations of (Wkizmann and Garrard), 324. 
C 4 H 18 0 n-Butyl alcohol, condensations of {Wkizm ann and Garrard), 324. 
C 4 H la N 3 Diethylene triamine, aud its salts (Fargher), 1351. 

4 HI 

C 4 H fl OCl 2 a/3-DLchlorovinyl ethyl ether, preparation of, aud its synthetic 
uses (Crompton and Vanderstichele), 691. 
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C 4 H 8 CltS &3'-Dichlorodiethyl sulphide (Gibson aud Pope), 271 ; syutLese 
with (Davies), 297 ; estimation of, volumetrically (IIollely), 898. 
C 4 H 8 Cl 4 Se /3£'-Dichloroethyl Beleuide dichloride (Bausor. Gibson ar. 

Pope), 1454. ‘ ’ D ' 

C 4 H»NS 1:4-Thiazau, and its salts (Davies), 306. 

C 4 H u 0 2 Te Dimethyltelluronium dimcthoxide (Vernon), 807 
CJL.NI Tetramethylairnnonium iodide, mercuri-iodide of, and its crvatalln 
graphy (Barker and Porter), 1312. 

4 IV 

C 4 H 8 0C1 2 S j8j3'-Dichloroethyl sulphoxide (Gibson and Pope), 277. 
C 4 H 8 O s N 2 S Carbomethoxy-i^-thiocarbamide bicarbonate (Dixox a:j. 
Kennedy), 85. 

CjHiaOaClAs Diethoxychloroarsine (McKenzie and Wood), 407. 

4 V 

C 4 H 7 0 2 N 2 C1 3 S Thiocarbamide methyl trichloroacetate (Taylor), 10. 
C 4 H 8 0 2 N 2 Ci 2 S Thiocarbamide methyl dichloroacetate (Taylor) io 
C 4 H 9 0*N,C1S Methyl /.sothiohydantoatc hydrochloride (Taylor), 9. 

Thiocarbamide methyl chloroacetate (Taylor), 7. 

C 4 H 17 ON 4 C1 2 Co iraws-Dichlorodiethylene diaminecobaltic hydroxide 
salts of (Price and Duff), 1075. 

C, Group. 

C 5 H 6 N Pyridine, action of ethyl chloroformate on (HorKiNs), 278. 

5 III 

C 5 H»O a Te Tellurium acetylacetone (MoPvGAN and Drew), 1464. 
C 6 H 8 0 2 C1 n-Butyl chloroformate (Chattaway and Saerens), 708. 
C 4 H n 02N n-Butyl carbamate (Chattaway and Saerens), 709, 

5 IV 

C fi H 6 0 2 Cl 2 Te Tellurium acetylacetone dichloride (Morgan and DrewI 
1462. 

C s H«0 3 N 2 S Carbomethoxy wothiohy dantoiu (Dixon and Kennedy), 79. 
C 4 H 8 0 4 N z S Dicarbomethoxy thiocarbamide (Dixon aud Kennedy), 85. 

5 V 

CsHjoOfiNjS Carbethoxy-^-thiocarbamide bicarbonate (Dixon and 
Kennedy), 83. 

C 8 H u 02N 2 C1S Thiocarbamide ethyl chloroacetate (Taylor), 10. 
CjH 18 07N 4 S 2 CO cis-Methionato diethylene diaminecobaltic hydroxide, 
salts of (Price and Duff), 1073. 

5 VI 

C 5 H 18 0 6 N 4 BpS j Co cis-Methionatodiethylenediaminecobaltic bro midi 
( + 2H 2 0) (Price and Duff), 1073. 

C 6 Group. 

C«H a Benzene, influence of drying agents on the freezing point of (SinowinO 
1340; equilib> ,: , m in the system: ethyl alcohol, water, and (Sidgwick am 
Spurrell), 13o7. 

6 11 

G 6 H I9 0 3 Ethyl acetoacetate, condensation of, with ^-dimethylaminobcnz 
aldehyde and ammonia (Hinkel and Cp.kmer), 137. 

C # H 1S 0 3 Methyl Ji-butyl carbonate (Chattaway and Kaekens), 709. 
C,H la 0. Fructose, relationship of inulin to (Irvine and Steele), 1474. 

Glucose, conversion of cellulose into (Irvinf. and Soutar), 1489. 

C 6 H 12 S 3 Triethylene triaulphide (Ray), 1090. 
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e ii— 7 ni 


C 1 H 11 S 1 Triethyleuo tetrasulphides (Ray), 1090, 

C.HhSi Triethylene disulphide dimercaptan (Eat), 1092. 

C,H u N, Trie thy lenetet ram ine f and its salts (FAP-cmr.), 1301 . 

6 III 

C.HiIiAs Phenyldi-iodoarsine (Burhows and Timura), 1376. 

C,H,0N, A’Nitroso-0-phenylliydroxy)amine, ammonium salt Inoftrrtm) 
preparation of (Slater), 591. h 

C,H|0sN Ni.tropaeuol, preparation of (Uensie, Cooke, and Fi.ylayson), 342. 

CtHiiOaNi Methylaminonium diethyloavhamate (Werner), 1052. 

6 IV 

C,H;0 ; NiB Kitrosoboranilide (CHAunnuBl), 1082. 

C 0 HiON8 Boranilide, and its aalts (Oiuuriuuiu), 1082. 

C t H(NSB Thioboranilide (Chaudhuiu), 1083. 

CjHiOjNjS Carbothoxyisothiohydantoin, and its hydrochloride (Dixon 
and Kennedy), 78. 

CiHi.ClsS.Hgs D i chi oromer cap tide from triethyleno disulphide dimwcaptau 
and mercuric chloride (Kay), 1092. 

C ( Hi,NIS 1:4-Thiazau ethiodide (Davies), SOS. 

6 V 

CsHjONBpB Brouioboranilides (Chaudiicri), 1082. 

C ( H„0,N.SCo cii-Siilphoacctatodiethyleacdiaminecobaltic liydrox- 
ide, salts of (PiiiCE aud Duff), 1072. 

6 VI 

C,His0 s N,BrSCo as-Snlplioacetatodiethyleucdiaminecobaltic brom- 
ide (Price and Duff), 1072. 

C 7 Group. 

C 7 H i2 Heptadiene, from 71 -butyl alcohol, acetone, and aluminium oxide (Weiz- 
mann and Garrard), 337. 

C 7 Hi4 Hydrocarbon from 71 -butyl alcohol, acetone, and aluminium oxide 
{Weizmann and Garrard), 337. 

7 II 

C 7 H 2 Br 6 Pentabroraobenzyl bromido (Dhar), 996. 

C 7 fl 6 0 2 Benzoic acid, volatility of. and its derivatives in steam (Sidgwick), 
396. 

C 7 H 8 0j Guaiacol, arsiuic acids derived from (Faugiieu), 865. 

C t H 9 N Methylaniline, cadmi- and cobal to- chlorides of (Reilly and Hickix- 
BOTTOM), 130. 

C 7 H lo 0 2 cycJo-Pentylideneacetic acid (Bkcker and Thorpe), 1583. 

C 7 H 10 0 4 Jrans-Caronic acid, preparation of, and its silver suit (Simonses), 
577 ; (Farmer and Ingold), 1372. 

C,M Ay-IIeptylene-fl-one (Weizmaxn and Garrard), 335. 

Suberone, preparation of (Day, Kon, ami Stevenson), 642. 

C,H 12 0 6 aa-Dihydroxy-j8j3-dimethyIglutaric acid, preparation of (Farmer 
and Ingold), 1371. 

CtHuOi Ethyl ti-butyl carbonate (Chattaway and Saerexs), 709. 

7 III 

C,H 3 0Bp 5 Pentabromobeuzyl alcohol (Dhar), 997. 

CiHjOeNj 2:3:6-Trinitrotoluene, preparation of (Drew), 1615 ; synthesis of 
(Brady and Taylor), 876. 

Trinitrotoluenes, preparation of (Brady and Williams), 1137. 
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7 III -8 II FORMULA INDEX. 

C,H s 0 8 N s Trinitrophenylmethylnitroamine ( letryl ), velocity of decoinno 
siiion of (Farmer), 1(V3 ; action of amines on (James, Jones, and Lewis' 
1273. .f h 

C 7 H 6 0 4 N 2 Dinitrotoluenes, preparation of (Brady and Williams), juj. 
action of ammonia and sodinm methoxide on (Kenner and Parkin), 8o2 
3*Nitroanthranilic acid, preparation of (James, Kenner, and Stubbing}} 

775. ‘ 1 
C-H 6 0rN 2 2:6-Dinitro-?n-cresol (Drew), 1618. 

C,H 6 0 6 N 4 2:4:o-T rinitromothylanilinc (Swann), 3. 

C 7 H a N s Cl Chlorotolylenediazoimines (Morgan and Drew), 789. 
C 7 H 7 0 4 N 3 5:6-Dinitro-o-toliiidine (Brady and Taylor), 879. 
Dinitrotolnidines, preparation and separation of (BrAdy and Williams) 
1138. 

C,H s ClAs Phenylmethylchloroarsine (Burrows and Turner), 1377. 
C ; H 8 IAs Phenylmethyliodoarsine, preparation of (Burrows and Turner) 
1377. 

C 7 H a O:iAs Hydroxymethoxyphenylarsinic acids, and their calcium salts 
(Fargiier), 872. 

C 7 H B N 2 C1 Chlorotolylenediamines (Morgan and Drew), 786. 

C 7 H 2 iNI Methyltriethyl ammonium iodide, mercuri-iodide of, and its 
crystallography (Barker and Porter), 1313. 

7 IV 

C 7 H 4 0 2 N 3 C1 4-Ohloro-7-nitroind azole (Morgan and Drew), 787. 
C 7 H 4 0 4 NI 2-Iodo-3-n itrobenzoic acid, preparation of (James, Kenner, and 
Stubbings), 776. 

C 7 H 5 0 2 NBr, Dibromohydroxybenzaldoxiiues (Wentworth and Brady), 
1042. 

C 7 H 6 0 4 N 2 C1 Chlorodinitrotoluenes (Morgan and Drew), 786. 
C 7 H 7 0jN.C1 Chloronitrotoluidines (Morgan and Drew), 787. 
C 7 H 8 0,NAs 8-N itro-4-methoxyphenylar8inic acid, and its sodium salt 
(Eargher), 868. 

C 7 H 8 O t NAs Nitrohyd roxymethoxyphenylarsinic acids (Fakgher), 
871. 

C 7 H lt ,0 4 NAs 3-Amino-4-methoxyphenylarainic acid (Fakgher), 869, 
C 7 H 12 0 4 N 2 S Dicarbethoxy thiocarbainide (Dixon aud Kennedy), 83. 

7 V 

C 7 H 5 O 2 NCII 5-Chloro-4'iodo-3*nitro toluene (James, Kenner, and Stubbings). 

776. 

C 7 H 18 0 4 N 4 BfCo c/a-Malouatodiethylenediaminecobaltic bromide (Price 
and Duff), 1076. 


C 8 Group. 

C 8 H e 0 5 Anhydro-acida from caiboxymcthane-II 1;3 -3-methylc?/(*7<>pro- 
pane-l:2-dicarboxylic acids (Beesley and Thorpe), 613. 

CbHA Lactone of hydroxycarboxy methanc-ll l:3 -3-methylcyc^pro- 

pane-l:2-dicarboxylic acid (Beesley and Thoiipe), 616. 
Mothylmethane-III 1;2:3 -ciycfopropan e-l:2:3-tricarboxylic acid, and its 
silver salt (Beesley and Thorpe), 617. 

Tri-lactone of a/ 9 / 3 -trihydroxydimethylpropanetricarboxy lie acid, 
and its silver salt (Beesley and Thorpe), 618. 

C 8 H 7 C1 3 3:5:6-Trich lor o-o-xylene (Hinicel), 1300. 

c 8 h 8 o 3 f isetol {a-hydrozyresaceiojikenone)) synthesis of derivatives of (Slater 
and Stephen), 309. 
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8 II — 8 IV 


C H|0 t Phloroacetophenone (Sen and Ghosh), 61. 

CiH 8 0« Carboxy methane JIi3-3-met}iyl«/efopr<>pane-l:2-dicarboxy]ic 

acids and their salts (Beesley and Thorpe), 612. 

pilactonc of /98-dihydroxydimethylpropanetncarboxylic acid 
(Beesley and Thorpe), 612. 

CeHsCIi 2:«^{4)-Dichloro-j?-xyIene (Stephen, Short, and Gladding), 524. 

CjHgCU 2:3:3:4:5-Pentachloro-l:l-dimethyl-A 5 c//c/ohexene (IIixket,), 1299. 

C HnOa Veratrole, arsiuic acids derived from (Fargher), S65. 

CiHiaCl. 3:5-Dichloro-l:l-dimcthyl-A 2:4 -ci/c7ohexadiene, action of chlorine 
on(HiNKEL), 1296. 

CHuAs Phenyldimethylamnc, preparation of (Burrows and Turner) 
1378. 

CgHmOj jB-Propylglntaric anhydride (Day and Thop.i-e), 1472. 

C*HiA 08*Dihydroxy dimethyl pro pane tricarboxylic acid, and its silver 
salt (Beesley and Thorpe), 612. 

CXO a*Ethyl*A a -hexenealdehydc (Weizmann and Garrard), 329. 

CgHuOi 0-Propylglutaric acid, and its silver salt (Day and Thorpe), 1471. 

Suberic acid, preparation of (Day, Kon, and Stevenson), 641. 

C $ Hi«0 2 a-Ethylhoxoic acid, preparation of (Weizmann and Garrard), 330. 

CgHuOa n-Propyl ft-butyl carbonate (CHArrAWAY and Saekkns), 709. 

:.H 18 0 a-Etliylhexyl alcohol, preparation of (Weizmann and Garrard), 
329. 

8 III 

IjHgOJ 2-Todo'iSophthalic acid, preparation of (James, Kenner, and 
Stubbinos), 774. 

: s H s 0 5 Br 13 romo-anhydro-acid from bromoca rboxy methane-II ,: 3-3- 
methylq/cZopropane-l^-dicarboxylic acid (Beesley and Thorpe), 
615. 

'aHeCIjBr 3:4:5-Tric]iloro-6-bromo-o*xylene (Hinkel), 1300. 

sH^OeBP Bromocarboxymethane-Il l ' 3 -3-niethylc.f/cfopropan e-l:2-dicarb- 
oxylic acids (Beesley and Thorpe), 615. 

l 8 H 8 0 s N t 2:6-Dinitro-m.tolyl methyl ether (Drew), 1618. 

S-Cyano^G-dilreto-t-inethylpiperidiiie-S-cur boxy lam ide (Day 
and Thorpe), 1470. 

'gHj0 4 N 3 a- and /3-Dinitrodimcthylanilines (Swann), 2. 

: 8 H 1b 0 2 N 4 aa'-Dicyan<v0-metliylglutaramide and 6-1 m ino-3-cyauo-5- 
carbamyl-4-inethyl-2-piperidone (Day and Thorpe), 1469. 

! 3 H u 0jN 4-Ami no veratrole, preparation of (Fargher), 869. 

gH^OsAs 3:4-Dimethoxyphe nylarsinic acid (Fargher), 870. 

1 b H 12 NjS 2 Nitrile, from potassium cyanide and jSfT-dichlorodiethyl sulphide 
(Dayies), 305. 

gH u 0 4 S 7-Thiodibnty ric acid (Davies), 301. 

sHuOgSa Acid, from hydrolysis of nitrile C 8 H 12 N 2 S 2 (Davies), 305. 

sHuONa AY-Heptylene-0-one semicarba zone (Weizmann and Garrard), 
335. 

*H 24 NI Tetraethylammoninm iodide, mercuri-iodides of, and (heir crystal- 
lography (Barker and Porter), 1313. 

8 IV 

8 H 6 0 a NCl 3 3:4:5-Trichloro-6-nitro-o-xylene (Hinkjel), 1301. 

gH 8 0 2 NCl Chloronitroxylenes (Stephen, Short, and Gladding), 524. 

8H 9 0 2 NBr 5-Bromo-o-methoxybenzaldoxime, andits hydrochloride (Went- 
worth and Brady), 1043. 

sHjjOCIAs Phenylethoxychloroarsine (McKenzie and Wood), 410. 
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C s H lt O,NAS 5-Nitro-3:4-dimethoxyphenylar»inic acid, and its salts 
(Fargher), 870. £ 

C 8 H 12 0 6 NAs 5-Amino-3:4-diraethoxyphenylarsinic acid (Farghek), 871. 

C b Group. 

C S H 7 N Quinoline, action of ethyl chloroformate on (Hopkins), 278. 

C # H 8 Oa Methylcoumaranones, preparation of (Higginbotham and Stephen) 
1541. 

c»h 10 o 3 Mandelic acid, racemisation of esters of (McKenzie and Wren), 685. 

Tolyloxyacetic acids, preparation of, and their salts (Higginbotham ami 
Stephen), 1534. 

C„H 10 0 4 w-Methoxyresacetophenone (Slater and Stephen), 312. 

Substance from the resin of Xanlkorrhiza (Rennie, Cooke, and Finlayson) 
343. 

C h H 10 0 5 Dimethylrficyctopentanonedicarboxylic acid, oxidation of 
(Farmer and Ingold), 1371. 

Syringic acid (Alimchandani and Meldrum), 967. 

2:4:6-Trihydroxy-w-metlioxyacetophenone (-j- H 9 0) (Slater and 
Stephen), 316. 

C 9 H n 0 4 Lactone of a-liydroxycyctopentane-l:l-diacetic acid (Becker and 
Thorpe), 1586. 

ds- and imns-cycicPentancspim-j/cfopropane-l^-dicarhoxylic acids, and 
the silver salt of the latter (Becker and Thorpe), 1587. 

C 9 H 19 0 5 Lactonic acid of aa'-dihydroxyeve/opQntane-lil-diacctic acid 
(Becker and Thorpe), 1585. 

C # H,oN a os-Phenylallylhydrazine (Sinch), 1212. 

C 9 H 13 As Phenylmethyletliylarsine (Burrows and Turner), 1380. 

C 9 H 14 0 8 a-Hydroxyci/cfopentaue-hl-diacetic acid, silver Balt (Becker and 
Thorpe), 1587. 

C 9 H] 4 N a os-Phenyl-a-propylhydrazine, and its hydroferrocyanide (Singh), 
1206. , 

C 8 H 18 0 9 Trimethyl 7-fructosc (Irvine and Steele), 1485. 

Trimethyl glucose (Haworth), 207. 

9 III 

C b H 7 0,N o-Nitrocinnamaldehyde, preparation of (Mills and Evans), 1037. 

c„h : o 6 n 3 Acetyl derivative of 2:4-dinitrobenzaldoxime (Wentworth ami 
Brady), 1042. 

C»H 8 0 7 N 4 2:4:6-TrinitroacetO'7ii-toluidide (Cook and Brady), 750. 

C»H|ON Tolyloxyacetonitriles (Higginbotham and Stephen), 1540. 

C»H,0 2 N 5-Hydroxy-l-mothylcoumaran-2one (Slater and Stephen), 317, 

C 9 H 9 0 2 C1 Tolyloxyacetyl chlorides (Higginbotham and Stephen), 1538. 

C 9 H 9 O fi N s Dinitroaceto-o-toluidides (Bkady and Taylor), 879. 

Dinitroaceto-m-toluidides (Cook and Brady), 752. 

C a H n ON p-D i n> ' f . h y I a m. i n o b e n z a 1 d e li y d e, condensation of ethyl acetoacetati 
and ammonia with (Hixkei. and Cremer), 137. 

C 9 H u 0 2 N Tolyloxyacetamides (Higginbotham and Stephen), 1539. 

C 9 H u 03N 3 3-Cyano-2:6-diketo-4-ethylpiperidine-5-carboxylamide (Day 
and Thorpe), 1471. 

C«H n O s As Acetoxymethoxyphenylarsinic acids (Farghek), 872. 

c,h 12 o £ n 4 aa'-Dicyano-jS-ethylglutaramide (Day and Thorpe), 1470. 

6-Imino-3-cyano-5-carbamyl-4-ethyl-2-piperidone (Day and Thorpe), 
1471. 

C 9 H 12 0 3 S Mesitylenesulplionic acid, preparation of (Gibson), 949. 
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9 III- 10 II 


r H o,Bp 2 aa'-DibromocjycZopentane-ltl-diacetic acid (Bf.cker and 
1 Thorps), 1585. 

r « fli Phenyltrimethylammonium iodide, mercuri-iodide of, and its 
crystallography (Barker and Porter), 1316. 
f « i As* Substance, from phenyldimethylarsine and methyldi-iodoarsine 
^ (Burrows and Turner), 1378. 

rH 0N> Phenylmethylethylazoninm hydroxides, salts of, mul their 
resolution (Suren), 1204. 

CH->NI Triethyl-a-propylammoninm iodide, mercuri-iodide of, and its 
crystallography (Barker and Porter), 1314. 

9 IV 

CHO 4 NBP 4 Tetrabromo- 6 -nitrocoumarin (Dhar), 1000. 

0 HjO^NBPa Tribromo-6-nitroconmarin (Dhar), 1000. 

C H OiNBr a 3:8-Dibromo-6-nitrocoumarin (Dhar), 1000, 

C H O e N 2 Br 3-Bromo-6:8-dinitroconmarin (Dhar), 1000. 
c’h OjNBr 5-Bromoveratronitrile (Wentworth and Brady), 1045. 
c'HoOsNBP 5-Bromo-3:4-dimethoxybenzaIdoxinies (Wentworth and 
* 'Brady), 1044. 

fHn 0,NoS Dinitro-^-nnmene-5-sulphonic acid (+4H 2 0), and its sails 
’ ^Gibson), 953. 

Dinitromesitylenesnlphonic acid (-}- 4H s O), and its salts (Gibson), 950. 
C,HuO,N 3 S Di nitro-i(*-cnmcnc.5-$ulphnnamide (Gibson), 955. 

Dinitromesitylenesulphonamide (Gibson), 951. 

C,H li 0sN ! S Nitroamino-t(ocuraene.5-sulphonii! acid (Gibson), 906. 
C ,H u 0 3 N,S Dianiino-i4 cumene-5 sulphonic acid (Gibson), 956. 

DUminomesitylcnesulphonic acid (Gibson), 952. 

CjHjjOjN.CO cw-l)imethylmalonatodiethylenfidiaminecobaltic hydr- 
oxide, salts of (Price and Durr), 1076. 

9 V 

C,H,0,NX1S Dinitro-fcnmene-5-snlphonyl chloride (Gibson), 955. 

Dinitromesitylenesulphonyl chloride (Gibson), 950. , 

C,H u O ! N. ! C 1S Thiocarbamide benzyl chloroaeetate (Tati, or), 8, 
CiH„0 4 N t ClCo cw-Diinetliylmftlonatoiiiethylenediaminecobaltic 
chloride (Price and Doff), 1077. 

C.H n N.BrCO OT.Dimethylmalonatodiethyleiiediainineeobaltic 

bromide (+2H,0) (Price and Duff), 1077. 

Cm Group. 

Cif,H 18 d-Carene (Simonsen), 574. 

l-Methyl-3-isopropy I-A^ ;fl -CT/cZol) exadiene (Henderson and Smeaton), 149. 
C lfl H lg l-Mcthyl-3-Mopropyl-A B -ci/cZobexenc (Henderson and Smeaton), 
148. 

10 II 

CioHaBPe Hexabromonaphthalene (Diiar), 997. 

C, 0 H 4 Br 4 Tetrabromonaphthalcnes (Dhar), 997. 

Ci 0 H 8 O k 4-Hydroxv-3:5-dimethoxyphthalic anhydride (Alimchandani 
and Meld rum), 970. 

C 1(l H 10 Oj fl-Benzylacrylic acid (Simonses), 567. 

C w H 10 0 5 4-Hydroxy-3:5-dimethoxypht halide (Alimchandani and Melp- 
Rum), 969. 

C 1# H 10 0 7 4-Hydroxy'3;5-dimetboxypbthalic acid (Alimchandani and 
Meldrum), 970. 

im 



10 II -to III 


FORMULA INDEX. 


Ci 0 H 10 O, 3:4:5-Trimethoxyphthalide, preparation of (Alimchandani ar ,i 
Met, drum), 969. 

C I0 H 10 N 4 o-andp-Tolueneazoglyoxalines (Pyman and Ravald), 1426. 

CjoHuN Di hydro-a-napbthylamines, and their hydrochlorides (Rowe an] 
Levin), 1576. 

C lo H I2 0 5 3:4:5-Trimethoxy benzoic acid, salts of (Alimchandani an! 
Mrlduum), 967. 

C 10 HiaOe A 8 -Dihydroxy dime thy Ipropanccarbethoxydicarboxy lie acid 
dilactone (Beeslev and Thorpe), 611. 

C 10 H ]2 N* 2:4 / -Diamino-4*m-tolylglyoxaline, and its salts {Pyman* ami 
Ravald), 1428. 

C| 0 H I 3 Bp 4-Brorao*«-butylbenzene (Reilly and Hickinbottom), 112 

C u H„0 ^-see.-Butylphenol, preparation of {Reilly and Hick is bottom), 122 

4-Hydroiy-tt-butylbenzene (Reilly and Hickinbottom), 114. 

6-Hydro xy-m-wcy me ne (Henderson and Smeaton), 147. 

CioHuOj 2:4-Dimethoxy ethylbenzene (Nieeenstein), 973. 

C 10 H„N Amino-n- and -.?«c.-buty lbenzenes, and their salts (Reilly and 
Hickinbottom), 110, 126. 

n- and jfcc.-Butylanilines, and their salts (Reilly and Hickinbottom) ]oi 
126. ’ " ’ 

Ci 0 H ] 5 As Phenyldiethylavsine, preparation of (Burrows and Turner' 
1379. ' '* 

Cj 0 H 16 Ni 4-n-Butyl'O-phenyIenediamiiie (Reilly and Hickinbottom), 118. 

CiqH is O woPalegoJ, physical properties of, and of its esters (Pickard, Hunter, 
Lewoock, and Pennington), 1248. 

CioH^O* rf-Careneglycol (Simokskn), 576. 

CioHjsOj Z-Hexylsuecinic acid (Wren and Bckns), 266. 

Ci 0 Hi 8 Br >2 SiS-Dibromo-l-methyl-S-wopropykv/cZohexane (Henderson and 
Smeaton), 148. 

C 10 H 20 O 1-Meth yl-3-isopropylr?/rZohexan-6-ol (Henderson and Smeaton) 
147. 

Ci 0 H 20 0 8 Tet ramethyl fructoses (Haworth), 207 j (Irvine and Steele), 
1488. 

10 III 

CJ 0 HUO 3 N 3 3- Cyano-2:6-d iketo-4 - propylpjpendine-5-carboxylamiiIe 
(Day and Thorpe), 1472. 

C ] 0 H,O s N 2 1:2:6:8-Tetranitro»aphthaleue (Dhar), 1004. 

CioH-ONa Sodium /3-naphthoxide, action of alkyl iodides with (Coxl, 
493. 

CjoH„ON l-Methyl-2-quinolone, preparation of (Mills and Wishart), 5S5. 

Ci 0 H 10 OjBr 2 aj 8 '-Dibroino-£-phenylisobutyric acid (Simonsen). 568. 

CiqHhOHs 2-ii-A minophenyl-5-methyl-4-glyoxalone, and its hydrochloride 
(Fargiieu), 679. 

C ]0 H n O...BP Bromo-£-phenyl«obutyric acids (Simonsen), 568. 

Cj 0 HhO s N 5 Trinitrophenyl-n-butylnitroaminc (Reilly and Hickin- 
bottom), ’135. 

CxoH^OiSeo Selenium a .etylacetone (Morgan and Drew), 1456. 

C K Hi,O a N* Substance, from the action of ammonia on tetryl (James, Jones, 
and Lewis), 1275. 

C 10 H 13 O 2 N yS'-A mino-fl-phenyHsobutyrie acid (Simonsen), 569. 

Nitro-n-butylbenzenes (Reilly and Hickinbottom), 116. 

C 10 H 13 O 3 N Nitro*p-ssc. -butyl phenol (Reilly and Hickinbottom), 123. 

C 10 H 14 ON 2 Benzyldimethylcarbamide (Wernkp.), 1051. 

Phenyl-sec.-butylnitrosQAmine (Reilly aud Hickinbottom), 121. 
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10 III— 11 II 


C.nHuO.N, Nitro ami no-n-butyl benzenes, and their salts (Rfii lv and 
Hickinbottom), 115. 

C„HuO,N, aa'-Dicyano-B-propylglntaramide (Day and Thoupe), MH. 
(jImino-3-cyano-5-carbamyl-4-propyl-2-piperidone (Day and Thoupe) 

1412. 

C H m NjS Benzyldi me thy Itliiocarb amide (Werner), 1051. 

CuHhOsN-j Dimethyl ammonium benzylcarl.amate (Weiiser), 1051. 

CioHkOjNs d-Carene nitrosate (Simonses), 574. 

c H,|HI Phenyl dim ethylethy lain moiiium iodide, mereuri-iodide of, and 
its crystallography (Barker and Porter}, 1316. 

C,.H,iN s S.» Dimethylammonium bcnzyldithiocarbamate (Werner) 
1051. 

C„HuIAS Phenyl methylethylarsine methiodide (Bcrrows and 
Turner), 1381. 

C, t H„I.As, Substance, from phenyldimethylareine and ethyl, iiiodoaisine 
(Borrows and Turner), 1379. 

Substance, from plienylmetliylethylarsine aud methyldi-iodoaraine (Burrows 
and Turner), 1381. 

C„H„N a I dl-Phenylmethylpropylazoniura iodide (Singh), 1211. 

C lt H la 0,S Methyl 7 -thiodibutyrate (Davies), 304. 

C, 0 H„OjN., Triaeetyl derivative of dietliylenetriamine (Faroheh), 1354. 

CuHjiNI Me t h y 1 1 ri-a-pr o py 1 am m o n inm iodide, mereuri-iodide of, and its 
crystallography (Barker and Porter), 1315. 

10 IV 

C„HjONBr, T etrabromonitronaplithalenas (Dhar), 997. 

CnHANsS Oarbophenoxy iso thiohydantoi ii (Dixon and Kennedy), 79. 

CioHuONjBp 2-Methyl-4-(2'-amino.5'.bl oniophenyl).5-glyoxalono(+ H,0), 
and its salts (Fargher), 677. 1 

CwHkOjNBp Acetyl derivative of 5-bromo-fl-methoxy ben zaldoxime (Went, 
worth and Brady), 1044. 

10 V 

MINNAS Thioearbamide benzyl trichloroacetate (Taylor), 10. 

CioH^NijC^S Thioearbamide benzyl dichloroacetate (Taylor), 10. 

Cu Group. 

C u H m 0, 4.Hydroxy-3:5-d Emet hoxyphth alide-2-earboxylic ae,id(+ 11,0), 
and it9 calcinm salt (Alimchandani and Meldku.m), 968. 

C n H n Nj 4-Benzylideneamino-5-methylglyoxaliue (Farchkr), 676. 

CuHuO, 3:4:5-Trimetlioxyph thalic acid, preparation of (Alimchandani 
and Mrldrum), 969. 

ChH„0 2 Ethyl 7-a-hydroxy-0-phenylpropionate, hydrolysis of (McKenzie 
and Wren), 689. 

CnH 14 0 3 fl-Plienyl-a-methoxymethylpropionic acid, and its silver salt 
(Simonsen), 567. 

Cj-HitjOj Homocampborquinone (Lapwop-th and Koyle), 749. 

CnH ]G 0 3 cycfolIoptane-l:l-Jiacetic anhydride (Day, Kon, and Stevenson), 
645, 

CuH| 6 0 5 a-Ketohomocamphoric acid, and its salts (Chokley and Lap- 
worth), 739. 

CnHuN Amino-rc-butyltoluenes (Reilly and Hickinbottom), 133. 

4-Methylamino-n-butylbenzene (Reilly and Hickinboti'Om), 131. 

Mctliyl-a-butylaniline, and its salts (Reilly and Hickinbottom), 130, 

C u H la 0 Homocaraphor (Lapworth and Roylr), 743. 
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11 II— 11 IV 


FORMULA INDEX. 


ChHjA ej/c&iHoptane-lsl'diacetic acid, and its silver salt (Day, Kon. a B[ i 
Stevenson), 639. 

Homocamphorio acid (Lapworth and Royle), 750. 

C„H„0. Tetramethyl 'y-methylfructoside (Iryine and Steele), i486. 

11 III 

CnHsOs^ Trinitr<H3naphthoic acid (Dhar), 1004. 

C n HAN Cinch onic acid methylbotaine (Mills and Wishart), 586. 

C,iH, 0 5 C1, 4-Hydro xy-3:5-dimethoxy-2-trichloromethylphthalide 
(Alimciiasdani and Meldrum), 968. 

CuHuObNt Dinitro-ji-butylphenyl-4-methylnitroamine' (Reilly and 
HlCKIN BOTTOM), 132. 

CnH.sON, Camphorquinonecyanohydrazone (Forster and Saville' 
756. 

CuH^O.N n-Butyl phcnylcarbamate (Ciiattaway and Saerens), 710. 

CnHuO.Br Lactone of ethyl a-bromo-a-hydroxycycJopentane-lil.di. 
acetate (Becker and Tiiorpe), 1585. 

C n H ls 0N 2 4-?i-Butylphenylmethylnitrosoaminc (Reilly and Uickix. 
bottom), 132. 

p-Nitrosomethyl-n-butylaniline (Reilly and Hickinbottom), 131. 

C n H 1; 0 2 N Imide of n/rioheptane-1:l-diacetic acid (Day, Kon, and 
Stevenson), 645. 

isoN itrosohomocaraphor (Lapworth and Royle), 749. 

CnHiAN a-Camphidonecarboxylic acid, and its silver salt (Chorley and 
Lapworth), 741. 

C ai H 17 0 4 N Acid, aud its isoineride, from nitrous acid and camphoroxalic acid 
(Chorley and Lapwortii), 729. 

CnHi 7 0 4 Br Ethyl hydrogen a-bromocyctopentane-hl-diacctic acid 
(Becker and Thorpe), 1586. 

C„HiAN a-iaoNitrosohomocamphoric acid (Chorley and Lapworth] 
740. 

C u H 17 N 2 C1 rfl-Phenylethylallylazonium chloride, platinichloridc of 
(Singh), 1212. 

C a H n N z I rf^-Plienylethylallylazonium iodide (Singh), 1212. 

CnHuNI Phenyldimethyl-a-propylammonium iodide, mercuii-iodidc of, 
and its crystallography (Barker aud Porter), 1317. 

Phenylmethyldiethylammoniurn iodide, mercuridodida of, and its 
crystallography (Barker aud Porter), 1317. 

C n H 18 I 2 As 2 Substance, from plienyldiethylarsine and methyldi-iodoareiDj 
(Burrows and Turner), 1380. 

C„H 19 ON Homocamphoroxime (Lapworth and Royle), 748. 

C„H tt NI Ethyltri-o-propylammonium iodide, mercuri-iodide of, and its 
crystallography (Barker and Porter), 1315. 

11 IV 

CnHANBr* Diacetyl derivatives of dibromohy droxyben zaldoximes 
(Wentworth and Brady), 1042. 

CuHuO.NI Cinchonic acid methiodide (Mills aud Wishart), 586. 

C 11 H 10 O a N s S Phenylcarbomethoxywothiohydantoin (Dixon and Knx- 
nei»y), 77. 

CuHijOjNC1 3 n-Butyl 2:4:6-trichloropheny lcarbamate (Chatfaway and 
Saerens), 710. 

CiiHjj>0 4 NBp Acetyl derivatives of 5-bromo-3:l-dimethox) r ben zaldoximes 
(Wentworth and Brady), 1044. 

CnHuO.NCl* n-Biityl 2:4-dichloropheny) carbamate (Chattawat »nd 
Saerens), 710, 



FORMULA INDEX. 


11 IV— 12 III 


Tt n vgp n-Butyl 2:4-dibromophenylcarbainate (Chattaway and 

Cu SkWtm), 710. 

u 0 NCI ' «-Butyl chlorophanylcarhamates (Chattaway and 
SaIRENS), 710. 

C HitOaNBr TJ-Bntylbromoplienylcarbamates (Chattaway andSAEP.ENs), 
710. 

C HiANI »-Butyl p-iodoplienylcarbamate (Chattaway and Saerens), 

C H OiNjSa Benzyl-^-thionrea wothiohydantoate (Taylor), 9. 

11 11 " 11 IV 

r H 0 NC1BP »-Bntyl 2-chloro-4-bromophonylcarbamate (Chattaway 
11 and* Sajeren s). 7 10. 


C 12 Group, 

c H A 2 -Hydroxydiphenylacetic acid (Greenwood and Niekenstein), 
U 1508. 

C H iNg Benzidine, condensation of bcnzil with (Ferriss and Turner), 1143. 
cVUs o-Naphthyldimethylarsine (Burrows and Turner), 1381. 
cVuO 1 -Ph en y 1 cydoh e x a n-3-o n e (Boyd, Clifford, and Probert), 1389. 

C HuOs Benzylinethoxymethylmalonic acid, and its salts (Simoxsen), 

565. 

r H 0 Lactone of hydroxycarbethoxymethane-II^-S-rnethylc/Afo- 
12 mopanc-l-carbethoxy- 2 -carbo xylic acid (Bee.si.ey and Tiiori>e), 616. 

C Hr, BP 3 -Brorao-l-phenylcycfo hexane (Boyd, Clifford, and Probert), 
12 1388. 

C h, 0 l-Phenylcycfobcxau-3-oI, preparation of (Boyd, Clifford, and 
11 Probert), 1387. 

C h Qj Gainphoroxalic acid, action of nitrous acid on (Chori.ey and 
Lapworth), 728. 

C qN 4 -Ethylamino-n-bulylbcnzcne (Reilly aud Hickinbottom), 132. 

Kthyl-n-butylaniline, audits picrate (Reilly and Hickinbottom), 132. 

C r H A Di ethyl 0 -propvlglutarate (Day and Thorpe), 1472. 

C HjsOn Sucrose, structure of (Haworth), 199 ; (Armstrong and Hilditch), 
1086 ; mechanism of the inversion of (Jones aud Lewis), 1120. 


12111 

C H 0 8 N 2 3 : 4 -Dinitroaccnaph then equin one (Rowe and Davies), 1350. 
C n HjOjN 3 -Nitroacenaphtheneqiiinone (Rowe and Davies), 1349. 

Cl2 H„0,N a Acenaphthene-7:8-iSooxadiazole oxido (Rowe and Dayies), 

‘ 1348. 

Ci.HgON. Acenaphthene-2:3-isooxadi azole (Rowe and Davies), 1348. 
C,jH,0oN 2 Acenaphthene- 2 : 8 -tsooxadiazole oxides (Rowf. and Dayies), 
1346. 

C,,H 9 0 2 C1 0 -Naphthyl chloroacetate (CnoMnox and Vanderstichele), 

’ 692. 

C 12 H io 0 2 N 2 Acenaphthene-2:3-quinonedioxime (Rowe and Davies), 1347. 
CuH 10 ClAs Diphenylarsenious chloride (Morgan and Vining), 777. 
Ci 2 H 10 BpAs Diplienylarsenious bromide, preparation of (Pope and 
Turner), 1451. 

C 12 H 10 IAs Diphenylarsenious iodide (Pope and Turner), 1452. 

C 12 H u OC1 5-Chloro-l-phenyl-AVyr/ohexen-3*o3ie (Boyd, Clifford, and 
Probert), 1386. 

CuHu0*Br 4 -Bromo phenyl dihydroresorcin (Boyd, Clifforp, and ISO- 
BERT), }3$5, 
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12 III— 13 III 


FORMULA INDEX. 


CuBuON Dihydroace to-a-naphthalides (Rowe and Levin), 1576. 

C^HuOK Oxime of l-phenyleyc7ohexan-3-one (Boyd, Clifford, 
Pbobert), 1389. 

Ci,H 16 0 3 N s 3-Nitro-4-acetylamino-n-butyl benzene (Reilly and Hicki*, 
bottom), 117. 

QuHifOK Aectylamino-n- and -sec . -butylbenzenes (Reilly and Hickui. 
BOTTOM), 111. 

QnHftONj Methyl derivative of camphorquinonecyanohydrazon* 
(Forster and Saville), 758. 

CuHijOiN «-Botyl tolylearbamatea (Chattaway and Barrens), 711. 
CjjHiaON* Beuzyldiethylcarb amide (Werner), 1051. 
4-n-Butylphenylethylnitroaoamine and ^-Nitrosoethyl-n-bntyl 
aniline, and its zincichlorido (Reilly and Hickin bottom), 132. 

C„H„N 2 S Benzyldiethylthiocarbamide (Werner), 1052. 

C»HmO«N s Base, from oamphorquinonecyanohydrazone, and sulphuric aei. 
(Forster and Saville), 753. 

Camphorquinoneinethylsemicarbazone (+£H a O) (Forster sur 

Saville), 760. 

Ci'HisOiN Methyl derivative of acid C u H 12 0 4 X (Ciiokley and Lapwobth: 

‘ 738. 

Ci,H 20 0 4 N a Diethylammonium benzylcarbamate (Werner), 1051. 
C k H w NI l’hcnyltri ethylainm onium iodide, mercuri-iodides of, and the* 

* crystallography (Barker and Porter), 1318. 

C 12 H. n N.S 2 Diethylammonium beuzyldithiocarbamate (Werner), 1055 
C 2 HnONa Homocaiuphorsemicarbazone (Lapwobth and Uoyle), 748. 
C«H«0 4 S Ethyl 7-th iodibuty rate (Davies), 302. 

C 12 H 2s NI Totra-a-p ropy la mm onium iodide, mercuri- iodide of, and its 
1 crystallography (Barker and Porter), 1336. 

12 IV 

CuH lo ON a B Boryldiazoaminobenzene (Chaudhubi), 1084. 

Ci lHl2 0NCl Oxime of 5-chloro-l-phenyLA 4 -cychriiexen-3-on e (Born, 
Clifford, and Pkobert), 1386. 

Cis H 12 ON 3 B Boro-«*phenyl-j8-aminophenylhydrazide (Chaudhuri), 
1085. 

Borylhydrazoaminobenzene (Chaudhuri), 1085. 

C ia H„0*N a As 2 3:3'-Diam in o-4:4'-d i hydroxy a rseno benzene, dihydro- 

chloride (salvarsan), preparation of (Farghkr and Pymax), 370- 
C 12 H 12 0 3 NoS Phenylcarbethoxy w.thiohydantoiu (Dixon and Kennedy), 

76. 

Cis Group. 

C 13 H 8 0 2 Xanthone, formation, structure, and derivatives of (Dhar), 1053. 
CiaH s N 4-Cyanodipheuyl, preparation of (Ferrlss and Turner}, 1148. 
C 13 H w 0 3 2:4-Dihydroxybenzophenone, preparation of (Stephen), 1529. 

C 3 H l0 O 4 2:4:4'-Trihydroxybcnzophenone, preparation of (Stephen), 1529. 
C Hi 2 0 2 Substance, frrni the resin of Xanthorrh&a (Rennie, Cooke, and Fin* 
layson), 847. 

CisHijAs Diphenylmcthylarsine (Burrows and Turner), 1381. 

Ci 3 H 14 N 3 Diaminodiphenylmcthane, preparation of (King), 988. 

CuC^Br* Octabromoxanthone (D har), 999. 

13 III 

C 13 H 2 02Br8 Hex abromoxanthone (Dhar), 999. 

C, 3 H 4 0 8 Br4 Tetrabromoxanthone (Dhar), 999, 
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13 HI-13 IV 


C H 4 O 10 N 4 Tetranitroxanthones (Dhar), 1065. 

C^HsOgNa Trinitroxanthones (Dha.il), 1064. 

c 1 s h 6 0A Dichloroxanthone (Dear), 1069. 

C*H*0«N» Dinitroxanthones (Dear), 1063. 

C^H-OjCl Chloroxant hones (Dhar), 1067. 

C 3 H 7 O 2 BP Bromoxauthoncs (Dhar), 1069. 

C H 7 O 4 N Nitroxanthones (Dhar), 1061. 

C^H-OgNj Dinitromono|minoxaothone(DHAR), 1054. 

C HgOgNs Dinitroxanthhydrols (Dhar), 1067. 

C H 10 0,N. 2:4:6'Tri»itrophenylbenzylamiue (James, Jones, ami Lewis), 

11 1275. 

C|.Hif,NAs Dipbeuylaraonious cyanide (Morgan and Vinixg), 77'. 
Oiphcnylcyanoarsine (McKenzie and Wood), 411. 

C HiANj Azo-eolourintc matter from 3:5-dinitro-o-tolimimc and resorcinol 
(Morgan and Drew), 791. 

jnftiOA 4-Acetoxy-3:5-dime thoxy-2-tr iclilorometliylj.li llialido 
(Aumchakdani and Meldkusi), 06S. 

C„H,,0Ni 4:4' Di am i n o-2:2'-azox y d iphen y 1 m e tb an e, and its dibydroclilor- 
ide (King), 992. 

CnHuOjNg 3':4-D ini tro-2:4'-diam in o diphenyl methane (King), 990, 

CuHtiOgNe Substance, from aniline and tetryl (James, Jones, and Lewis), 
1275. 

r Hi 3 O a N 3 4-Nitro-2;4 , -diamiiiodiphenyhnethane, and its dibydrocliloride 
(King), 989. 

C u H»0 8 N, Substance, from m-phenylenediaminc and tetryl (James, Jones, and 
Lewis), 1278. 

C 13 H ]S 0 2 N a w-Imide of aa r dicyanocyrfoheptanc-l:l-diacelic acid (Day, 
Kon, and Stevenson), 643. 

CuHjglAs a-Niiphthy Id im ethyl arsine methiodide (Burrows and Thin- 
er), 1381. 

C ) 3 H 16 I 2 As 2 Substance, from a-naphthyldimethylarsinc and methyldi-iodoarsine 
" (Burrows and Turner), 1382. 

C^H^ON, S emicarbazone of 1 -pli e ny IcycZo h e xa u-3-o n e (I3 oyi>, Clifford, 
and Probert), 1389. 

Mi 7 0 2 N 3 Acetyl derivative of campho rquinonecyanohydrazon e 
(Forster and Saville), 757. 

CijHijON A cetylam in o-n-bulyl toluenes (Reilly and Hick in bottom), 133. 

CijHisOiNj w-Imido of aa r dicarbamylcyc/ohcptanc-l:l-diacetic acid 
(Day, Kon, and Stevenson), 644. 

CnH 2 ft 0 1 Br 2 Ethyl aa'-dibromoc>/e/opcntanc-l:l-diacctate (Becker and 
Thorpe), 1585. 

C 13 H 31 O 2 N 3 Ba se, from canipliorquiuouecyauohydrazone and hydrochloric acid 
(Forster and Saville), 757. 

C 13 H 21 0 4 N Dimethyl derivative of acid C n H 13 0 4 N (Ciiorley and Lai-worth), 
738. 

Ck&iOjBp Ethyl ac'-bromoci/cfopentane-hl-diacetate (Becker ami 
Thorpe), 1586. 

c 13 h 22 ni Phenyldiethyl-a-propylammonium iodide, mcTcuri-iodide of, 
and its crystallography (Barker and Porter), 1319. 

13 IV 

CnH 3 0 10 N 4 Cl Chlorotetranitroxanthones (Dhar), 1068. 

Ci 3 H 3 0 10 N|Br BromotetranitToxanthones (Dhar), 1070. 

C 13 H 4 0 6 N 2 C1 2 Dichlorodinitroxanthone (Dhar), 1069. 

GisH^O^BFj Dibromodinitroxanthone (Dhar), 998, 
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C 13 H 4 0»N,C1 Chlorotrinitroxanthone (Dhar), 1068. 

CisH fc OiNiCl Chlorodinitroxauthone (Dhar), 1069. 

C„H s 0,N,Br Bromodinitroxanthone (Dhar), 1070. 

C 13 H;O s Cl 3 Sn Substance, from stannic chloride and 2:S:8-trihydroxyxantk r , 
(Dean and Nierenstein), 805. f 

C 13 H 8 0*N 2 C1 4 4:4'-Dichloro-3:3'-dinitrodiphenylmethane (Stkpbex 

Short, and Gladding), 523. 1 

CuHuO.NB Benzoylboranilide (Ciiaudhuri), 1082. 

Ci 3 H 10 NC1 2 As Diphenylcyanoarsine dichlorifie (McKenzie and Wood) 
415. ’ 

CiaHnONjASj 3'-Anrino-4'-hvdroxy-l :3-d i a z ole-5 :l'-arse nobenzene, and 

its hydrochloride (Faruheu), 875. 

C IJ H 1 ,0N.C1 Semicarbazone of 5-chloro-l-phen‘yl-A 4 -cycZohexen-3oiiP 
(Boyd, Clifford, and Probekt), 1386. 

13 V 

C 13 H*0 2 NBrB Benzoy l- 71 -bromoboranilide (Chaudhuri), 1084. 

Ou Group. 

C u H 8 Nn 4:4'-Dicyanodiphenvl, preparation of (Ferriss and Turner), H 49 

CuHaoO, Benzil, condensation of benzidine with (Ferriss and Turner), 1140 . 

C, 4 H, n 0 5 2:3-pihydroxy-8-methoxyxanthone, preparation of (Dean and 
Nierenstein), 803. 

C,«H j8 0 4-Phenylacetophenone, preparation of (Ferriss and Turner), 1147 

C 1 .H 1 .O 2 Acetyl deriTative of l-phenylcycfohcxan-S-ol (Boyd, Clifford, and 
Probert), 1388. 

C 14 H 18 0 6 Ethyl jnethylmethane-Iir ^'-cycZopropane-l^tS-tTicarboxylaft 
(Beksley and Thorpe), 617. 

c J 4 h 28 o, Bornyl hydrogen tartrates, and their salts (Wrf.n, William, 
and Myddleton), 194. 

C 14 H m N 4-A mino*l:3*di-)i-butylbenzene (Reilly and IIickinbottom), 123, 

C14H14O4 Dimethyl hydrocamphorylacetate (Lapwokth and Royle), 747. 

14 III 

C 14 H|0|Br 2 1:3-Dibromoantliraquinone (Dhar), 1002. 

CuHaO,^ l:3-Dinitroanthraqui none (Dhap.), 1003. 

CnHsOiNj 3-Nitro-l-am inoanthraquinone (Dhar), 1003. 

C14H11O4N4 Dinitroazotoluene (Kenner and Parkin), 857. 

CnHj.O.N. 2:4:6-Trinitrophenyl-m-xylylamine (James, Jones, and 
Lewis), 1277. 

CiiH x ,OjN, Phloroacetophenonephenylhydrazonc (Sen and Giiosk), 63. 

C 14 H 14 0 4 AS 8 Dihydroxydimethoxyarsenobenzenes (Farohkr), 872. 

ChHuO.N, Sub stance, from metbylanilinc and tetryl (James, Jones, and 
Lewis), 1278. 

Substance, from 0- and y-toluidines and tetryl (James, Jones, and Lewis.. 
1276. 

C U H 1S 0*AS 4:4'-Dil.ydroxy-3:3'-dimetho xydiphenylarsinic acid 

(Fargher), 873. 

ChHuCUAs, Substance, from phenyldimethylarsine and phenyldichloroarsine 
(Burrows and Turner), 1379. 

C14H14I1AS4 Substance, from phenyldimethylarsine and phenyldi-iodoarsine 
’ (Burrows and Turner), 1379. 

C^HkOjN /9-Propylglutaric semianilide (Day and Tiiorpe), 1472. 

Ci 4 Hi,0«Br Ethyl bromocarbethoxymcthanc-II 1:s -3-Tflethyl^di)' 

propan?4:24icarboxyUtes ( Bees ley apd Thor pf), 615, 

lore 



FORMULA INDEX. 


14 HI-16 III 


r K.,0«Bp 3 EthylaAB-tribromodimethylpropanetricarboxylate(BiM- 

Ci ‘T E ¥ and Thorpi), 619. * J 

r H,»0Nj 4-rt-Butylphenyl-n-butylnitrosoamine (Reilly and Hickin- 
bottom), 124. 

f Ht.OsBrj Ethyl £$-dibromodimethylpropanetricarboxylate (Bees- 
14 ley and Thorpe), 610. 

. 14 IV 

C HuOiNjBr a- and ff-Pfythalyl-p-bromophenylhydrazides (Chattaway 
14 aud Tesh}, 715. 

CjiHuOiNjS Dinitroditolyl sulphide (Kenner and Parkis), 857. 
f .Hi.0*N*AS* 5:5'-Dinitrodihydroxydimethoxyarsenobeiucnes 
11 (FaRoher), 873. 

C HisOjKjS Methyl-orange, effect of temperature on the colour changes of 
(Tizard and Whiston), 150. 

C. jHib0iN 2 As 2 Diaminodihydroxydiinethoxyarsenobenzenes, and their 
1 hydrochlorides (Fakgheb), 873. 


C l5 Group. 

CuH S 4 d-Longifolene, and its salts (Simoxskn), 578. 

15 II 

Cll H,0 6 8-Hydroxy-2:3-qninoxanthone, preparation of (Dean and Nieren- 
stein), 802. 

C 1S H 8 04 Anthraquinone-l-carboxylic acid, preparation of (Perkin), 706. 

CjsHjoO# 2:3-Methylenedioxy-8-methoxyxanthoue, preparation of (Dean 
and Nierenstein), 803. 

GuHwOa 3-Phenyldihydrocoumarin, preparation of (Greenwood and 
Nierenstein), 1696. 

C„H 12 0 5 8-Hydroxy-2:3-dimethoxyxanthone (Dean and Nierenstein), 
805. 

C m H u O. Colouring matter (+ 211*0) from Ilycnancke globosa (Hknky), 1625. 

C^O 3*Phcnylcbromau (Greenwood and Nierenstein), 1597. 

C ls H lt 0 4 Catcchin, constitution of (Nierenstein), 971, 1151. 

C u Hu0 2-Hydroxy-oa- and -a7-diphenylpropanes (Greenwood and 
Nierenstein), 1595. 

Ci S H 16 0 2 2:<u-Dihydroxy-aa-dipheiiylpropane (Greenwood and Nieren- 
stein), 1596. 

C u H 17 As DL-o-tolylmethylarsiue (Burrows and Turner), 13S3. 

CliHuO; 7i- and tso-Hyenanchin (Henry), 1G19. 

15 III 

C i5 H 6 0,N 2 5:5'-Dinitrobenzophenoue-2:2'-dicarboxylic acid (Stephen, 
Short, and Gladding), 527. 

CiAAH, a-Phthalylformylphcnylbydrazide (Chattaway and Tesh), 
717. 

CuHAK, a- and j8-Phthalyltolylhydrazides (Chattaway and Tesh), 716. 

c I5 h J3 o 3 n 3 ^-Nitropbenylhydrazones of methylcoumaranones (Higgin- 
botham and Stephen), 1541. 

C 15 H 1S 0N 4-Acetyl aminodiphenylmethane (King), 990. 

CisHuOjN Tolyloxyacetauilides (Higginbotham and Stephen), 1540. 

CuH ls 0,N, <u-H ethoxy resacetophenoue p-nitroph enylh ydrazon e 
(Slater and Stephen), 313. 

Ci 5 Hi 7 0 3 N Anilic acid of «Vcyctopentane$2tt>0cycJopropane-l:2-diearb- 
oxylic acid (Becker and Thorpe), 1588. 
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16 III— 16 IV 


FORMULA INDEX. 


CxsHisNI PhenylbenzyldimethylaminoQium iodide, mercnri-iodide &f 
and its crystallography (Barker and Porter), 1319. ' 

CisHiglAs Phenyldimethylarsine benziodide (Burrows and Tcrssbi 
1378. ' 

CisHxJjASa Substance, from phcnylmethylethylarsinc and phenyldi-iodoarsim. 
(Burrows and Turner), 1381. 

15 IV • 

C 13 H,0 3 N 2 Bf a-Phthalylformyl-^-bromophcnylhydrazide (Chattaway 
and Tesh), 717. 

C| 5 HnO s CI a Sn Substance, from stannic chloride and 8-hydroxy-2:3-dimet]ioxy- 
xauthone (Dean and Njerexstkix), 805. 


Cu Group. 

C 19 H 12 0 9 5:7:2':4':6'-Pent ally droxy-2-phenyl-4-raethylene-l:4-l>enzopy ran 

(Sew and Ghosh), 62. 

CttHnO, 4:4''Diacfityldij)hcnyl, and its condensations with aromatic am ines 
(Ferris# and Turner), 1140. 

C lfi H ls 0 2-Hydroxy-aa- and a-y-diphenylpropane methyl ethers (Grkex 
wood and Nierexsteix), 1595. 

can, Cainphaitodiliydroquiuoxaline (B. K. and D. Singh, Dutt, ami 
G. Singh), 986. 

CicHggOs Ethyl benzylmethoxymethylmalonate (Simonsen), 566. 
CisHspOj! Anliydro-acid from tetra methyl frnctose (Haworth), 208. 

16 III 

Ci,H,0,N, Nitroxanthoquinolinc (Dhar), 1066. 

Ci G H 12 0 3 N 2 k- and 0-PhthalylacetylphcnyIhydrazidos (Chattaway and 
Tesii), 717. 

a-Phthalylformyltolylhydrazides (Chattaway and Tesh), 718. 
Ci B H 13 0jN 3 2:4-Dinttropheiiyldihydro-a-naphthylamines (Rows and 
Levin), 1577. 

C j6 H 14 0 2 N 2 «- arid /S-Phthalylphenylethylbydrazides (Chattaway and 
Tesh), 712. 

C i9 H 18 0 2 N 4 Kthylidenebisphenylcarbamide (Fargher), 679, 

Cifl^gOaNa 2:2'-Dimethoxy-3-3'-azoxytoluene (Kenner and Parkin), 856. 
C ]6 H 18 0 4 ASo 3:4:3 / :4'-Tetraniethoxy arsenobenzene (Fargher), 870. 
C 1B H„0 2 N isoJfitrosocamphor AT-phenyl ether (Forster and Savii,i.r), 
761. 

CifiH ]9 NJ df-Phenylbenzylally lazonium iodide (Singii), 1212. 
C ie H £0 ON 2 Phenyl benzylally lazonium hydroxide, salts of, and their 
resolution (Singh), 3 213. 

c 18 h 20 ni Phenylbenzylmethylcthylammoniuni iodide, mercnri-iodide of, 
and its crystallography (Barker and Porter), 1320. 

C ]9 H 2q IAs Di-o-tolyl methy larsinc niethiodide (Burrows and Turner), 
1383. 

Ci,H u N,Cl Phenylbenzylpropylazonium chloride, and its salts (Singh), 
1207. 

ChH u NjI Phenylbenzylpropylazonium iodide (SlNGH), 1207. 
c 19 h 22 on 2 Phenylbenzylpropylazonium hydroxide, salts of, and their 
resolution (Singh), 1208. 

16 IV 

Ci„H 4 0 s N 2 Br a-PhtbalyIacetyl-j?-bromophenyIhydrazide (Chattaway 

and Tesh), 7l7. 


1678 



FORMULA INDEX. 


16 IV— 17 III 


f H.ONBf Bromophenylaminocamphor, optical rotation of (B. K. anil 
Llt R Stscir, T)dtt, and G. Sixgh), 983. 

r H„0<N.As a Substance, from rednetiou of 5-ammo-3:4-dimetlioxypHenyI- 

Cl ‘ aSic acidlFAltOHER), 872. 


C 17 Group. 

C HiO( Ketodilactone of benzophenonc-2:4:2':i'-tetracarlioxjlic acid, 
“ md its resolution (Mills and Noduxr), 1407. 

C .HioO Benzanthrone, properties of, and its salts (Pehkin), 096. 

C-Hj.Oi Hydroiybenzan throne, and its sulphate (Pisiucix), 698. 

C H .0, Benzalizarin, and its salts (Pehkin), 702. 

c’h u 0< 8-Acctoxy-2:3 dim ethoxy xanthono (Decs' and Nieusssteis), 
1! 805. 

C r HuN Benzylidcnediliydro-a-naphthylaminos (Rowe and Lewis), 1570. 

C-Hjs 0 4 Euxauthone diethyl ether, salts of (Perkin), 699. 

CrH I7 N Ben zylidene-«r-tet rally dr o-a-nap htliyl amine (RowKaud Levin'), 
' 1579. 

Ci-HisOa Benzoyl derivative of ^-srr.-butylpheuol (Reilly and Hiv kin- 
bottom), 123. 

17 III 

Ci 7 HiiO}N 4 3:5-Diuitrotolueue-2-azo-3-naplithol (Morgan- and Drew), 791. 

Ci;Hii0 2 N s a- and 0-PhthalylphenylaIlylhy diazides (Chattaway and 
Tesh), 714. 

Ci-HuOjN* a-Phthalylacetyltolylhydrazides (Chattaway and Tesii), 
' 718. 

a-Phthalylpropionylphenylhy dr azide (Chattaway and Tesh), 717. 

Ci ; Hi 4 0 8 N® Substance, from naphthylamines and tetryl (James, Jones, and 
Lewis), 1277. 

C 17 H lri 0N s 2-p-B enzylideneaminophenyl-5-methyl-4-glyoxalone, and its 
acetate (Fargher), 679. 

Ci H]»0 2 Nj a- and fl-Phthalylplicnylpropylhydrazides (Chattaway and 
' Tesh), 713. 

Ci-HhOjNj 4;3'-Diuiti o-2:4 , -diacctylaminodiplieny 1 me thane (Kin<;), 
‘ 990. 

C 17 H 17 0 4 N 3 Di acetyl derivative of 4-nitro-2:4'-di ami nodi phenylmcthaue 
(King), 939. 

C i7 H 19 ON Benzoylamino-ii-butylbenzenes (Reilly and Hiokin bottom), 

111 . 

C l7 H w 0 2 N 4-w-Butylph.enyl pheny Icarbamate (Reilly and Hickix- 
hottom), 115. 

C 17 H 20 ON z a-Phenyl-fl-l n- and scc.-butylphenylcarbanmles (Reilly and 
Hickinbottom), 112, 120. 

C1TH22O4N2 Phenylhydrazone ( + H 2 0) of a-ketohomoca mphoric acid 
(Uhorley and Lapworth), 710. 

C i7 H 22 NI Phenylbenzyldiethylammoniuin iodide, merciui-iodide of, ami 
its crystallography (Barker and Porter), 1320. 
rhenylbenzylraethyl-a-propylammonium iodide, merciui-iodide of, and 
its crystallography (Barker and Porter), 1321. 

C 17 HokON Tolylaminocaraphor, optical rotation of (B. K. and D. Singh, 
Dutt, and G. Singh), 982. 

o-Methoxy phcnylaminocamphor (B. K. snd D. Singh, Durr, 
and G. Singh), 985. 

Ci-H 2a 0 3 N cycfoHeptanC'l:l*diacetic acid semianilide (Day, Kon, and 
Stevens on), 645. 
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7 III-19 II 


FORMULA INDEX. 


C,,H„0N, Substance, from suberone, ethyl cyanoacetate and ammonia (D 4V 
Kon, and Stevenson), 946. 

17 IV 

CtfHjjOjNjBr a- and ,8-Phtha!yl-j>-bromoplienyIallyIhydi-azides(CiiA7TA 

way and Tesh), 715. 

Ci 7 Hi 4 0aNfS Phenyicarboxy-o-tolylwothiohydantoin (Dixon and Kr. 
NEDY), 77. 

C 18 Group. 

C Xi H 12 0 2 Methoxybenzanthrone, and its salts (Perkin), 698. 

C]|HuO; 2:8-Diacetoxy*8-methoxyxanthone, preparation of (Dean and 
Niekknstiin), 804. 

Ci,H 15 As Triphenylarsine, preparation of (Burrows and Turner), 1330 • 
(Pops and Turner), 1447. 

C ]S H lfi Bi Tripheuylbismuthine, molecular weight of, and its salts (Cual- 
linger and Goddard), 765. 

C] 6 H| 8 0* 3:5:3' :4'-Tet ram ethoxy-2-phenylcoumaran-l-one (Nierensteiv' 
1155. 

C xg H, r ,0? 2'-Hydroxy-3:4:4':6'-tetraniethoxydiphenylacetic acid (Kike- 
enstein), 1154. 

C..H.A Oleic acid, sodium salt, investigations of solutions of, as curd, gt], 
and sol (Laing and McBain), 1506. 

18 III 

Ci a H 10 O s N 4 3s4-Dinitroacenaphtheuequinone-7-phenyl hydrazone 
(Howe and Davies), 1351. 

C 18 H„0|N 3 3-Nitroacenaphthenequinoue-7(or 8}-phcnylhy drazouc 
(Rowe and Davies), 1350. 

C 18 Hj a 0 3 N 2 1-0-Anthraquino nyl-3-methyl-5-pyrazolo ne (Saunders), 
1268. 

CiiHuOjN 4 4-/S- A n t h r aq u i n 0 n e az o-3-m etliy 1-5-pyrazolone (Saunders', 
1270. 

CifiH J8 O a N 2 a ■ and /8-Phthalyi-p-tolylaIIylhydrazides (Crattaway and 
Tesh), 716. 

C 1b H ]4 0 3 Ni a-Phthalyl-w-butyrylphenylhydrazide (Chati’AWAy and 
Tesh), 717. 

CuHisOjNs Benzoyl derivative of camphorquinonecyanohydmoui 
(Forster and Savili.e), 756. 

CisHjjOfrCl Sri^'ii'tf'-Pentainethoxydiphenylmethyl chloride (Kiekb- 
stein), 978. 

18 IV 

Ci 6 H 1b 0 x N 4 B Boro-a-phenylhydrazidobenzeneazophenol, and its hydro- 
chloride (Chaudhubi), 1085. 


C 19 Group. 

C 1# H u 0, Dimethox;, benzanthrone, and its salts (Perkin), 703. 

Ci 4 H 1{ N 2 o-Arainocinnamylidenequinaldine, ami it3 diliydrochloriJe 
(Mills and Evans), 1038. 

CifH^Og Benzoyl derivative of 1-p he nylcycfoihexan-3-ol (Boyd, Clifford, 
and Probert), 1388. 

CjjHggOy S^^'ii'rS'-Pentamethoxy diphenyl ace tic acid, andits sodium sail 

(Nierenstein), 977. 

2:4:6:3':4'-Pen tam ethoxy diphenylmethane-3-car boxy lie acid (NiER- 
ENSTKIN), 975. 
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FORMULA INDEX. 


19 H—20 III 

C '- H ;^ a.*. 

C '-V; ra) i ,« nthyl atroUctinaUs ' (mc Ki ,, ie 1d1 

-> It, hydrolysis (Mo- 

19 III 

CuBiiOjN Anilmoxanthone (Dbae), 1088. 

3 ]} Hn0.jN a p-Nitrocinnamylidenenninaldine /Mn ... iv 

ZfiM Triacetyl derivative of ^ 

(Morgan and Drew), 791. 0 0 1 1 n S matter C u H u O*H 3 

*’**'^ D *k r a'ininoneazo-3-inethylwooxazolone (Sab.vders), 

0f 1 -P»-T'^he l a„.3.ol (Boyd, 

’nHsiOflCl 3:4 : 2 / :4':6'-Pentamethoxvdiphenvli/'/>fTri „i i • , ,, T 

stein). 1153. juipnenyucetyl chloride (Nieren- 

C20 Group. 

C„H„0, T*henolphtliaI*in, preparation of (Cohsarow) 212 
C»H„0 4-DtphenylyI benzyl ketone (Ferriss and Ti/nKErl lUR 

0Xy l' h eD y 1 3: 4-dimetI. oxy-^-phenyJethy! ketone 
^stein),^!^ S:4:2':4':6''pen tametboxydiphenylacetate (Nit™. 

^^,Rfi)e Pe,lt,m ' thM ^ i P , ''“rlmaha n o. 3 .oarho X yl,t, 
^esstejh), 9F6,115 , 3. ntametll0X y ■“ 0 '’ s '"' ' a 7"di phenyl prop ones (NlER- 

ufw;i th * If4 '' ,1 f 1Jipl '“i'«'‘a»< IM.X04 975. 
ram), W4 'Tou tamotliosy.s.ethyldiphenylcarbino 1 (Nierer. 

C„H,,N, Ilia zoainino- 4 -K-butyl benzene (Reilly and IIiokierotto*), 

20 III 

(fendN!^ 

C„H,,0N, e-Formylaminoeinnaraylideneqninaldine {Mill, andEVANs), 

U# l^} ^' an thraqn in one azoace to acetate (Sau.vdxrs), 1271. 
lS), 1276 ' fr ° m m t0luilii,,e (James, Jobe,, and 

CM Yi. ) ; i A Mo! n0<!i ”” ,myUd8,ie T’ liMldi ” e methiodide (Mills and 
M., ON, d-n-Butylbonzeneazo-d-naphthol (Reilly and Hicmmnou), 

(Reilly 

CkHbIAe Diphenylmethylarsine benziodide (Burrows and Thrser), 

(Reim a»i Hickis- 

05VI1, IfiQl 
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20 III-22 III 


FORMULA INDEX. 


CAON a- and /3-N aphthyla in i nocamphor, optical rotation of(B. K, 

D. Singh, Dutt, and G. Singh), 986. ’ 

CapH^O.Cl Sii^^'re'-Pentamethoxydiphenylmethyl chlorometbv' 

ketone (Nierenstein), 1158. * 

C 20 B 24 ^ 2^2 Quinine, ferrocyanides of (Briggs), 1034. 

CwHjsON ar-Tet rahy dro-a~naph thy limi nocamphor, preparation w 

rotation of (B. K. and D. Singh, Dcjtt, and G. Singh), 987. 

Co 0 H 2 ?ON ar-Tetrahydro-a-naphthylaminocamphor (B. K. and D Si\m 
Dutt, and G. Singh), 987. ’ ‘ 1 

20 V 

CajHnONiCljCo Dichlorotetrapyridinecobalt hydroxide, salts f ,r 
(Price), 860. 1 


C31 Group. 

C«Hh0j Diacetoxybeuzanthrone (Perkin), 701. 

C 2 iHj,As Tri-o-tolylarsine (Burrows and Turner), 1382. 

CnHttOf Apigenin triethyl ether, salts of (Perkin), 699. 

CgiHtsO* Methyl deriyative of 2:4:6:3 / :4'-pentamethoxy-3-ethyidiphf.n,]. 
carbinol (Nierenstbin), 974. 

21 III 

C S] Hi 3 N,C1 Chloromethylbenzophenanthrazines (Morgan and Drew) 
789. 

C^HigON- o-Acetylaminocinnamylidenequinaldine (Mills and Evans) 
1039. 

C 8 iH l 8 0 8 N a Carboxymethylaminocinnamylidenequinaldine (Mills aid 
Evans), 1039. 

CjiHtiOftNs Tetra-acetyl derivative of d-nitro^'-diamiuodiphenyl. 
methane (King), 990. 

C iI H 2t 0 2 N a Dianilide of imu.?-cycfopentane^frt)cyc/opropane-l:2-dica)'b- 
oxylic acid (Becker and Tiiorpk), 1587. 

C*iH 26 0 4 N 2 Ethyl 4-p-dimethylaminophenyl-2:6-dimethylpyridincdi- 
carboxylate, and its potassium salt (Hinkel and Cremer), 139, 

C 21 H 28 0 4 N 2 Ethyl 4-j/-dimethylaminophenyl-2:6-dimethyl-l:4-dihydr«. 
pyridine-8:5-dicarboxylate, and its salts (Hinkel and Cremer), 138. 

21 IV 

C 2 iHi 3 0 3 N t BP a-Phthalylbenzoyl-yj-bromophenylhydrazide (Chatta- 
way and Tesu) 718. 


C 22 Group. 

C«H lt 0, 2:7-Dimethylfluoran, preparation of (Cohsarow), 215. 

C 22 H ]8 0 4 o-CresoIphthalein, preparation of (Copisarow), 214. 

C 2 iH 28 0 7 Acetyl de^vatire of 2:4:6:3':4 , -pentamethoxy-3-ethyldiphenyl- 
carbinol (Nierenstbin), 974. 

22 III 

C 22 H la 0 3 N s o-Phthalylbenzoyltolylhydrazides (Chattaway and Tesh), 
718. 

CttHnBFsBi Diphenyl-o-naphthylbismuthine dibromide (Challenge! 
and Goddard), 772. 

c m h»on, Benzoylwopropylidenebenzidine (Ferris and Turner), 1146. 
CjjHjJAs Tri-o-tolylarsine methiodide (Burrows and Turner), 1382. 
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FORMULA INDEX. 


22 IV— 27 II 


22 IV 

!..H«0N|I Acetylaminoeiuiiaraylidenequiiialdiiifl methiodide (Mills 
and Evans), 1039. 

C 23 Group. 

’ Hi,0i Luteolin tetraethyl ether, salts of (Parkin), 699. 

23 III 

3 HnOjHl Dinitroianthoncaro-U-naphthol (Diiar), 1064. 

C 2< Group. 

" H..K, 2:3-DipheRyl*6-n*butylqaiuoxaline (Reilly and Hickinbot- 
TOM), 118. 

2:4:8:2':4':8'-Hexametliyl-6:6'-diquinolyl, and its platinichloride 
(Ferris and Turner), 1146. 

C m Hj, 0< Dibornyl tartrates (Wren-, Williams, and Myddleton), 193, 

C H;,ft0 Alcohol, from Ilyena-nchl globosa (Henry), 1624. 

24 III 

C.,H„0 s N| 3-Nitroanthraqniiione-l-aao ,8-naphtliol (Diiar), 1003. 

C„H„0,N i 4-Benzeneazo-l-i8-aiithraquinonyl-3-methyl-5-pyrazolono 
(Saundbrs), 1268. 

C„H, 4 0N, Benroylisopropylidenetolidine (Fekkiss and Turner), 1147, 

C !( H M 0,Ki Diaoetylisopropylidenetolidine (Ferriss and Turner), 1146. 

C 25 Group. 

Ca 5 H Z5 0 3 N 3 Tribenzoyl derivative of diethylenetriamine (Farghrr), 
1354. 

C 25 H w N 2 Bp l:l'-Diethylcarbocyanine bromide (Mills and Hamer), 1558- 

C 35 H„NJ lil'-Diethylcarbocyanine iodide (Mills and Hamf.k), 1557. 

25 IV 

CjjH^OiNdBr Substance (+2H 5 0) from oxidation of lil’-diethylcarbocyanine 
bromide with nitric acid (Mills and Hamer), 1561. 

C 28 Group, 

C 26 H 22 O 11 Acetyl derivative of 5:7:2':4':6'-pentahydi'oxy-2-phenyI-4- 
methyleue-l:4-benzopyran (Sen and Ghosh), 62. 

C 2I H w N 3 4-n-Butylbenzeneazophcnyl-/8-naphthylamine (Reilly and Hick* 
ineottom), 113. 

Acetyl derivative of alcohol C 2 4H 5# 0 (Henry), 1624. 

26 III 

C M H M 0,N 3 Acetylisopropylidenetolidine (Ferriss and Turner), 1145. 

w-Phenylenebisaminocamphor (B. K. and D, Singh, Dutt, 
and G. Singh), 985. 

C 27 Group. 

C !: H 34 0 8 Myricetin hexaethyl ether, salts of (Perkin), 699. 

2*7 m 

CllHejOjNj A cetyl wpropylideuebenzoylMopropylidenebenzidine 
(Ferriss and Turner), 1146. 

C 27 H 31 0 2 N s m-Tolylenebisirainocamphor, preparation and rotation of (B. K* 
and D. Singh, Dutt, and G. Singh), 984. 

CjTHjgOgNj w-Tolylonebisaminocamphor, preparation and rotation of (B. K. 
and D. Singh, Dutt, and G. Singh), 985. 
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28 11^44 II 


FORMULA INDEX. 


Cog Group. 

C a8 H M Dimethyl-&:10-diplieiiyl-9:10-dihydroftnthracene (Ray), 1339 . 

28 II 

Cj g Hie 0 3 a- aud 0 -Naphthafluorans, and a-Naphtholphthaleina, nr 8 n fl « 
tion of (Co pisakow ), 216. f a ' 

C 28 H„0, 4:4'-Diphenyldiacetyldiphenyl (Ferriss and Turner), 1150 . 
C 2g H 21 0i Diacetyl derivative of 9:10-diphenyl-9:10-dihydroanthracenp 
(Ray), 1337. 

C 28 Hi 6 0 Phytosterol from Hycnanche globosa (Henry), 1624, 

28 III 

C 2b H 1b 0 3 N 4 4-£-An 

thraquinoneazo-l*/8-naphthyl-3-methyl-5.pyrazolone 

(Saunders), 1271. 

4-a-and-j8-Naphthaleneazo-l-£-anthraquin onyl-3-methyl-5-pyrazol. 
ones (Saunders), 1269. 

C 30 Group. 

C 30 H 28 Dimethyl-9:10*ditolyl-9:I0-dihydroanthracene (Ray), 1338. 

3° II 

C 3 oH 18 0 3 Acetyl derivative of phytosterol C g 8 H 18 0 (Henry), 1624. 

30 111 

C 3 oH 21 Cl 2 Bi Tri-a-naphthylbismuthine dichloride (Challenger ami God- 
dard), 772. 

C w H at 0 2 N ? l:4-Naphthylenebisiminocamphor (B. K. and M. Singh) 

1599. ’ 

C SI Group. 

Cj.HxO.N, Phtlialylphenyltrimethylenebishydrazide (Chattaway and 
Tesh), 714. 

C !3 Group. 

4 -j 8 -Anthraquinoneazo-l/ 3 -anthraquinonyl- 3 -methyl- 5 -nyr. 
azolone (Saunders), 1269. 

Car Group. 

CsiH !s N] Tri-3-carbazylmetIiane (Copisakow), 1546. 

37 III 

C.aH^Cl Tri-3-car bazy lcarbinyl chloride (Copisarow), 1546. 

C37H26ON3 Tri-3-carbazylcarbinol (Copisarow), 1545. 

C 38 Group. 

Cas^a* 9:9:10:10~Tetraphenyl-9:10-dihydroanthracene (Ray), 1339. 

38 III 

C 3 BHa 6 0 aN 8 Carbazole-blue or Tri-3-carbazylcarbinyl formate (Copisa- 
row), 1546. 

C 43 Group. 

C„H 3; N 3 Tri-9-ethyltri-3*carbazy]methane (Copisaboav), 1548. 

43 III 

C.aHa.NjCl Tri-9-ethyltri-3-carbazylcarbinyl chloride (Copisarow), 1548. 
643 H 37 ON 3 T ri-9-ethyltri-3*carbazylcarbinol (Copisarow), 1549. 

C„ Group. 

CuHjAN, Carbazole-violet or Tri-9-ethyltri-3-carbazylcarbinyl form- 
ate (Copisarow), 1547. 
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